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ABSTRACT
Cardiovascular disease is the leading cause of death in the United States and accounts for
two-thirds of deaths globally. Of the many disorders that fall under this umbrella, hypertension
(HTN) is the most significant, for it plays a major role in many other disorders. Affecting one in
every three adults, this silent killer has emerged in an unsuspecting population: young soldiers.
With the rapid succession of multiple deployments, long intervals between blood pressure (BP)
assessments, and the absence of cardiovascular (CV) measures during the pre and
postdeployment health screenings, soldiers may be at higher risk for HTN than their civilian
counterparts of the same age. Although studies have addressed the relationship between
deployment and HTN, most were retrospective, often using older soldiers, single BP measures,
and self-reported information extracted from questionnaires and databases. The purpose of this
study was to explore the cardiovascular response of soldiers before, during, and after exposure to
simulated combat stressors as well as to assess the personal characteristics that may influence
cardiovascular response.
Applying the Allostasis/Allostatic Load theoretical framework as a guide, a repeated
measure quasi experimental design compared the CV measures of two identical groups: one
exposed to 3-4 hours of strenuous paintball (physical stressor), and the other exposed to a land
navigation exercise (psychological stressor) and 45 minutes of a paintball weapon familiarization
exercise. A sample of 60 Army Reserve Officer Training Corps cadets were fitted with Tiba
Medical Ambulo 2400 ambulatory BP monitors for 48 continuous hours to assess their CV
response before, during, and after exposure to the simulated combat stressors. Cardiovascular
indices known to be predictors of future HTN (e.g., systolic blood pressure [SBP] variability,
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cardiovascular recovery, morning BP surge, and evening BP decline) were collected. Four
instruments (e.g., Participant Information Sheet, State-Trait Anxiety Inventory, Paintball
Perceived Stress Questionnaire, and Army Physical Fitness Test) were then used to collect
information to conduct bivariate correlations to assess which factors (individual differences,
anxiety/perceived stress, and level of fitness) played the most significant role.
Group A (n = 30), the experimental group exposed to the physical stressor, had a mean
age of 21.57 years while Group B (n = 30), the control group exposed to the psychological
stressor, had a mean age 20.57 years. Independent sample t-tests found no significant differences
(p > .05) between the groups’ demographic characteristics with the exception of deployment
history (experimental = 4, control = 0).
One-way ANOVAs, paired sample t-tests, and independent sample t-tests were used to
compare the BP and pulse rates (PR) of both groups before, during, and after the stressors. Of all
the measures taken during the three intervals, the only significant finding (p= <.05) was the
poststressor systolic blood pressure (SBP). The experimental group had a higher mean waking
SBP after the stressor when compared to the control group (113.76 mm Hg vs. 102.98 mm Hg)
as well as a higher waking mean arterial pressure (MAP) (85.22 vs. 77.43).
Using a paired sample t-test, pre and poststressor morning BP surges were compared,
with significant findings (p < .05): In the control group, the SBP surge difference was 9.14 mm
Hg, and in the experimental group, it was only 5.93 mm Hg. Diastolic blood pressure (DPB)
morning surges demonstrated the same pattern, with the control group having a 9.31 mm Hg
difference and the experimental group having only a 2.95 mm Hg difference. For evening BP
decline, a significant difference was found only in the SBP, with the control group once again
having a greater difference (12.95 mm Hg vs. 3.95 mm Hg) than the experimental group. For
iv

poststressor SBP recovery, although the control group had a greater SBP decline (21.50 mm Hg
vs. 10.93 mm Hg), these findings were not statistically significant.
Bivariate correlations were conducted using Pearson and Spearman rho correlation
coefficients, which found many weak but statistically significant correlations (p = < .05) during
the intervals.
Female gender positively correlated with elevated PR during all intervals. Age positively
correlated with elevated BP during the stressor and increased morning BP surge poststressor.
Regarding race, there was a negative correlation between Caucasians and prestressor sleeping
BP; however, in African-Americans, this correlation was positive. African-Americans also had
decreased SBP recovery after the stressor and minimal DBP morning surge prestressor, whereas
Caucasians had increased DBP during the stressor. Those of Hispanic descent had elevated PR
during and after the stressor but had no significant BP findings. Waist circumference positively
correlated with elevated BP morning surge prestressor; however, body mass index (BMI)
positively correlated with elevated BP morning surge poststressor. During the stressor, both
waist circumference and BMI positively correlated with elevated SBP and DBP, with waist
circumference having the stronger correlation and BMI only correlating with elevated PR.
Family history of HTN only correlated with greater prestressor SBP decline, whereas
deployment history correlated with mean waking SBP and MAP.
Trait anxiety scores negatively correlated with SBP recovery after the stressor. State
anxiety scores, however, positively correlated with poststressor waking MAP and evening SPB
decline, which influenced the negative correlation found between state anxiety and poststressor
sleeping SBP. As for perceived stress, there were only two significant findings: The level of
perceived stress after the stressor negatively correlated with prestressor waking SBP, and the
v

level of perceived stress during the stressor negatively correlated with poststressor SBP morning
surge.
Army Physical Fitness (APFT) total scores as well as APFT run scores negatively
correlated with pre and poststressor pulse rates. Although level of fitness did not correlate with
BP directly, it did negatively correlate with waist circumference.
These findings show that age, female gender, African-American descent, waist
circumference, BMI, previous deployment history, level of fitness, and psychological stress state
during and after a stressor were more strongly associated with soldiers’ CV response. These
findings also showed that the psychological stress associated with performing a combat task
alone, although not physically challenging, was enough to elicit a stress response comparable to
an intense physical stressor. If a strenuous combat exercise using paintball was enough of a
stressor to produce a residual effect that lasted well into following morning, the residual effect of
a lengthy, strenuous deployment may be alarming. This study not only provides a snapshot of the
cardiovascular health of incoming young soldiers, but also provides rich quantitative evidence to
support policy change regarding the need for implementing CV health assessments during the
pre-, post-, and six- month postdeployment health screenings.
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This dissertation is dedicated to the soldiers, marines, airmen, and sailors, past and present, who
put their lives on the line every day while many others sleep soundly. It takes a very special
person to put on the uniform, leave the comfort and security of their home and family, and
willingly be placed in dangerous situations with no guarantee of survival. May your courage,
sacrifice, and fighting spirit never be forgotten!
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CHAPTER ONE: THE PROBLEM
Specific Aims
Cardiovascular disease is the leading cause of death in the United States (U.S.) and
accounts for one-third of the deaths globally (Mensah & Brown, 2007; World Health
Organization [WHO], 2003). Of the many disorders that fall under the umbrella of
cardiovascular disease, hypertension is the most significant for it plays a major role in many
other cardiovascular diseases (Rosamond, Flegal, Furie, Go, Greenlund, Haase, et al., 2008).
Hypertension is responsible for 62% of all strokes and 49% of all cases of heart disease, and is
the strongest predictor for arteriosclerosis (Redwood, 2007). In the U.S., approximately 72
million people, or one in every three adults, have hypertension (Rosamond et al., 2008). Despite
access to health education related to hypertension and ready access to public blood pressure
screenings, approximately 30% of the adults in the U.S. diagnosed with hypertension were
unaware that they even had it (U.S. Department of Health and Human Services [USDH&HS],
2004). Of those who were aware, 40% of them still went untreated (USDH&HS, 2004).
Although the military is comprised of a younger cohort of individuals than the general
population, there is a growing concern over the presence of hypertension risk factors among its
soldiers (Smoley, Smith & Runkle, 2008). Military studies have shown that risk factors such as
high body mass index (BMI) and tobacco use have been major contributors to poor
cardiovascular health (McGraw, Turner, Stotts & Dracup, 2008). When a repeated and prolonged
stressor such as military deployment is added, exposure over time may cause functional (e.g.,
blood pressure that does not drop at least 10% when asleep) and structural (e.g., left ventricular
hypertrophy) changes in the cardiovascular system (McEwen, 1998). At closer glance, military
deployment, in essence, is a compilation of several hypertension risk factors (e.g., repeated
1

exposure to a stressor, lack of quality sleep, high salt/ low potassium diets, etc.). Furthermore,
although blood pressure is checked once a year during a soldier’s mandatory Periodic Health
Assessment, there is the possibility that his/her blood pressure may go unchecked if he/she is
deployed during the health assessment window. Studies have linked combat exposure to
increased risk for hypertension; however, many of those studies were based on older soldiers,
information extracted from databases or self-reported questionnaires, and/or single blood
pressure measures. What is not known is the actual continuous cardiovascular response that
occurs before, during, and after combat exposure, which may show a distinct pattern in someone
at higher risk. Since hypertension has no symptoms and is not consistently assessed during the
pre and postdeployment health screenings, it may result in many secondary disease processes
that could have been prevented with proper blood pressure control. This potential also increases
the burden on the Veteran Affairs Medical Centers who provide long-term care for veterans.

Purpose
The purpose of this research study was to assess the cardiovascular response that occurs
before, during, and after exposure to a combat-related stressor, as well as to assess the personal
characteristics that play the most significant role in the soldier’s cardiovascular response.

Research Questions
The following research questions will be addressed:
1. What is the cardiovascular response of a soldier under a simulated combat stressor:
a. When comparing systolic blood pressures (before, during, and after the stressor)?
b. When comparing diastolic blood pressures (before, during, and after the stressor)?
c. When comparing mean arterial pressures (before, during, and after the stressor)?
2

d. When assessing the number of mm Hg the systolic blood pressure declined after
the stressor ceased?
e. When comparing pre and poststressor morning blood pressure surges?
f. When comparing pre and poststressor evening blood pressure declines?
2. What factors (individual differences, anxiety/perceived stress, or level of fitness) play the
most significant role in a soldier’s cardiovascular response under a simulated combat
stressor)?
This study served as the preliminary study for a two-phase program of research that
addressed two questions:
•

Phase I: Do soldiers who have shown a significant cardiovascular response during a
sustained combat stressor develop hypertension? If so, which factors (individual
differences, anxiety/perceived stress, health behaviors, or deployment history) play the
most significant role?

•

Phase II: When placed under a sustained combat stressor, is there a difference between
the cardiovascular response of a soldier with an extensive deployment history and a
soldier with minimal deployment history (e.g., which is more detrimental to
cardiovascular health: Shorter, more frequent deployments or longer, less frequent
deployments?)?

Definition of Terms
Several terms are used throughout this study. Conceptual and operational definitions are
presented in Table 1.
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Table 1. Definition of Terms
Term
1. Simulated Combat

2. Stress

3. Cardiovascular
Response

a. Systolic Blood
Pressure

b. Diastolic Blood
Pressure

c. Mean Arterial Pressure

d. Morning Blood Pressure
Surge

Conceptual
The reproduction of an
orchestrated struggle between
opposing individuals or forces in
a military setting (MerriamWebster, 2003).
The non-specific response of the
body to any demand made upon
it. (Selye, 1974).

The magnitude of cardiovascular
changes that occur during and/or
after exposure to a stressor.
Mathematically, this is depicted
as “measure stressor period
(minus) measure prestressor
period” (Cacioppi, 2007).
The pressure exerted against the
wall of the artery during the
contraction of the left ventricle
(National Heart Lung and Blood
Institute, 2009).
The pressure exerted against the
wall of the artery during the
relaxation of the left ventricle
(National Heart Lung and Blood
Institute, 2009).
The average pressure within the
artery over a complete cardiac
cycle. (2/3 [times] diastolic
pressure [plus] 1/3 [times]
systolic pressure) (Guyton et al.,
2006)
The difference between the mean
systolic blood pressure during
the two hours after rising
(minus) the mean systolic blood
pressure during sleeping hours
(Kaplan, 2003).
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Operational
Participation in a six-scenario
paintball exercise.

Any changes in cardiovascular
response (as measured by the Tiba
Medical Ambulo 2400 ambulatory
blood pressure monitor) secondary
to an external combat-related
stimulus.
The difference between the
prestressor, during stressor, and
poststressor cardiovascular
measures as measured by the Tiba
Medical Ambulo 2400 ambulatory
blood pressure monitor. See
individual measures below (a – f).
The average systolic blood
pressure.

The average diastolic blood
pressure.

The average mean arterial
pressure.

The mm Hg that the blood
pressure increases during the first
two hours after rising.

Term
e. Evening Blood Pressure
Decline

Conceptual
The percentage that the blood
pressure declines when
comparing mean waking blood
pressure to mean sleeping blood
pressure (Sayk et al., 2007).

Operational
The percentage that the blood
pressure declines when comparing
the mean waking blood pressure
to the mean sleeping blood
pressure.

f. Cardiovascular
Recovery

The extent to which the elevated
blood pressure and/or pulse rate
persists after a stressor has
ceased over a given amount of
time (Trivedi et al., 2007 &
Steptoe et al., 2005).
Characteristics that cannot be
controlled or changed
(Rosamond et al., 2008).

The mm Hg that the blood
pressure (systolic, diastolic, mean)
decreases one hour after the
cessation of the stressor.

4. Individual Differences

5. Level of Fitness

6. Anxiety

7. Perceived Stress

The ability level to respond to a
physical demand with enough
reserve energy to cope with a
sudden challenge. This is based
on five factors (cardiorespiratory
endurance, muscular strength,
muscular endurance, flexibility,
and body composition) (Hales,
2009).
The unpleasant state or condition
that is induced by stress
(Speilberger, 1993).
One’s view of how challenging a
stressor is (Hales, 2009).

The participant’s age, gender,
race, ethnicity, and family history
of hypertension as measured by
the self-reported Participant
Information Sheet.
The highest total score received
on the Army Physical Fitness Test
within the last three months.

Total score received on the State
and Trait Anxiety Inventory
questionnaires.
Score received on each question
of the Paintball Exercise
Questionnaire.

Assumptions
1. A simulated combat exercise lasting two to four hours will be enough of a stressor to
elicit a significant cardiovascular response.
2. The instruments used will provide accurate data.
5

3. Participants will wear the blood pressure monitor during the data collection points.
4. Participants will be truthful in their responses to the questionnaire items.

Significance
This research study provided rich quantitative evidence on the cardiovascular health of a
population that would not normally be assessed for high cardiovascular risk. The short-term goal
of this study was to assess if the stressors of combat have a negative effect on cardiovascular
health. The long -term goal of this study is to provide evidence to support policy change to
incorporate cardiovascular assessments during the pre, post, and six-month postdeployment
health screenings. This study is important because hypertension is asymptomatic and is often
diagnosed during health care visits for other health reasons. Soldiers who participate in rapid
successive deployments may be overlooked for asymptomatic diseases such as hypertension, and
have the added stress of deployment on top of preexisting risk factors. By studying
cardiovascular response early, those at higher risk can be identified and preventive measures can
be instituted without interrupting the unit’s combat mission. Today’s soldiers are tomorrow’s
veterans, and since Veteran Affairs medical treatment facilities are already providing care for
veterans of five different wars, chronic health problems such as hypertension will further burden
this already overtaxed system. Preventive measures taken today will greatly impact military
health expenditures, tax payer dollars, and quality of life for tomorrow’s veterans.

Summary
This chapter discussed the specific aims, purpose, terms, and significance of conducting
cardiovascular studies in a young military population. Although hypertension is usually
associated with the older population, the rapid succession of deployments, prolonged exposure to
6

stress, and lack of cardiovascular health assessments during the pre and postdeployment health
screenings may put soldiers at higher risk for this chronic but asymptomatic disease.
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CHAPTER TWO: REVIEW OF RELEVANT LITERATURE AND THEORETICAL
FRAMEWORK
Background and Significance
This chapter describes the background, research, and theoretical framework supporting
the relationship between stress and hypertension and the increased risk in young soldiers. This
chapter also summarizes past research as well as the current need for hypertension studies in a
military population.

Review of Literature
A review of literature was conducted using the CINAHL, Cochrane Database of
Systematic Review, MEDLINE, Google Scholar, PsycARTICLES, and PsycINFO databases,
along with governmental and military publications. The keywords used include military,
deployment, stress, cardiovascular response, hypertension, and cardiovascular disease.

Hypertension: Definition and Prevalence
Hypertension, also known as high blood pressure, is defined as a systolic blood pressure
of 140 mmHg or higher, or a diastolic blood pressure of 90 mmHg or higher on at least two
separate occasions as measured by a health care professional (Rosamond et al, 2008). Within the
last few years, the classification of blood pressure has changed. A normal blood pressure is
defined as a systolic pressure of <120 mm Hg or a diastolic pressure of < 80 mm Hg
(USDH&HS, 2004). Pre-hypertension, the newest category of high blood pressure, is defined as
a systolic pressure between 120-139 mm Hg or a diastolic pressure between 80-89 mm Hg
(USDH&HS, 2004). This category was identified to focus treatment towards adopting health-
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promoting lifestyle changes before there is a need for medication (Lenfant, Chobanian, Jones, &
Roccella, 2003).
The category of hypertension is divided into two stages. Stage 1 hypertension is a systolic
pressure between 140-159 mm Hg or diastolic pressure of 90-99 mm Hg. Stage 2 is a systolic
pressure >160 mm Hg or a diastolic pressure >100 mm Hg (USDH&HS, 2004). Ninety percent
of hypertension cases are considered “essential hypertension,” which is a high blood pressure
due to unknown causes (Oparil, Zaman & Calhoun, 2003). The remaining 10% of cases have
been attributed to sleep apnea, chronic kidney disease, primary aldosteronism, Cushing’s
syndrome, steroid therapy, thyroid/parathyroid disease, pheochromocytoma, or coarctation of
aorta (USDH&HS, 2004).
Approximately 72 million people in the United States (U.S.), or one in every three adults,
has hypertension (USDH&HS, 2004). Between 2001 and 2002, 45 million people visited
hospitals and clinics with health conditions relating to hypertension (Rosamond et al., 2008). For
example, in Florida, approximately 143,500 people were discharged with cardiovascular-related
conditions, costing the state approximately $7.6 billion dollars in pharmaceuticals and posthospitalization care (Florida Department of Health, 2007). Nationally, it was estimated that 164
million work days were lost in 2006 due to three chronic conditions-- hypertension among them-which cost employers approximately $30 billion (Brookes, 2007). In 2010 it is estimated that
$76.6 billion will be spent on direct and indirect costs relating to hypertension (Lloyd-Jones,
Adams, Brown, Carnethon, Dai, DeSimone et al., 2010). Often unnoticed until the blood
pressure is at a dangerously high level, this progressive disease is the gateway to many other,
often fatal health consequences such as impaired vision, cerebrovascular disease, ischemic heart
disease, left ventricular hypertrophy, and renal failure (Rosamond et al., 2008). Hypertension has
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been seen in 52% of those with dyslipidemia, 74% of those with diabetes, and 81% of those with
chronic renal disease (Stiles, 2007). Hypertension is highly prevalent in industrialized countries
but has become more common worldwide due to increased longevity, physical inactivity, and
unhealthy eating habits (WHO, 2003). Although the death rate in the U.S. due to cardiovascular
disease decreased 42% from 1980 to 2000, the decrease was attributed to secondary and tertiary
advances in medicine rather than to primary prevention (Florida Department of Health, 2002).
Despite advances in diagnosis and treatment, researchers predict that the prevalence of
hypertension will increase from 26.4% to 29.2% by the year 2025 (Ong, Tso, Lam, & Cheung,
2008).
Although a preventable disease, hypertension was responsible for 57,077 deaths in 2007,
or 17.5 per every 100,000 persons (Lloyd-Jones et al., 2010). Risk factors such as poor diet (high
salt, high fat, low potassium, and excessive alcohol consumption), tobacco use, psychosocial
stressor, sleep apnea, increased weight, low education, low socioeconomic status, and family
history have all been associated with the disease (Lloyd-Jones et al., 2010). In regard to race,
African-Americans are among the most at-risk in the world, with African-American women
being the most predominate (Lloyd-Jones et al., 2010). When compared to Caucasians, AfricanAmericans have higher mean blood pressures and develop hypertension earlier in life (LloydJones et al., 2010). In regard to gender, hypertension is more prevalent in men than women until
the age of 45 (Lloyd-Jones et al., 2010). Between the ages of 45 to 64 both genders are similar;
however, by age 65 the prevalence is much higher in females.
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Hypertension in a Young, Presumably Healthy Population
In the past, hypertension was considered to be a disease of the elderly. However, over the
last several years there has been a growing concern of hypertension occurring among the young.
Studies have shown that family history, BMI, and psychosocial stressors are three of the most
significant factors when considering cardiovascular risk in the young (Izzo, Sica & Black, 2008).
A longitudinal study following 315 school-age children in Tennessee showed that
students who had at least one parent with a history of hypertension had a higher systolic
cardiovascular response when exposed to a stressor (change of 17.2 mm Hg versus 14.9 mm Hg,
p = .01) (Li, Alpert, Walker & Somes, 2007). It was also found that students with a parental
history of hypertension had significantly higher BMIs when compared to students with no
parental history of hypertension (21.6 versus 19.9, p = .01) (Li et al., 2007). In another study
addressing family history’s role in blood pressure, 48 African-American adolescents were
exposed to cold pressor tests to assess blood pressure and cortisol reactivity. Although there was
no significant difference between those with a family history of hypertension and those without
in regard to cortisol reactivity (F = .389, p = .844), those with a family history of hypertension
demonstrated significant cardiovascular reactivity (χ2 = 8.813, p = .004) (Covelli, 2006). This
family history connection could be attributed genetics; however, living in a shared environment
should also be considered (Izzo et al., 2008).
In regards to BMI and its relationship to hypertension, a study was conducted among the
athletic players of the National Football League (NFL) (Tucker, Vogel, Lincoln, Dunn,
Ahrensfield, Allen, et al., 2009). When a cross-sectional analysis of 504 active and veteran NFL
players were compared to men in the general population of the same age group, 65% ([n = 310]
95% CI, 58.3%-70.7%) of the NFL players versus only 24.2% ([n = 473] 95% CI, 22.3%-26.1%)
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of the general population were classified as pre-hypertensive (p< .001). As for hypertension,
13.8% ([n = 67] 95% CI, 11%-16.7%) of the NFL sample versus 5.5% ([n = 108] 95% CI, 4.6%6.6%) of the general population were identified (p< .001) (Tucker et al., 2009). In both
categories, high BMI was associated with higher blood pressure among the NFL players, even
though they had a high level of fitness (see Table 2) (Tucker et al., 2009).
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Table 2. Prevalence of Cardiovascular Risk Factors among NFL Players

Offense
Lineman

Defense
Lineman

Tight
End/

Linebacker

Running
Back

Quarterback

(n = 109)

(n = 85)

(n = 37)

(n = 63)

(n = 47)

(n = 24)

BMI
> 30

109 (100.0)
[96.6-100.0]

80 (94.1)
[87.0-97.5]

28 (75.7)
[59.986.6]

45 (71.4)
[59.381.1]

34 (72.3)
[58.2-83.1]

1 (4.2) [0.720.2]

Pre
HTN

70 (66.7)
[57.2-75.0]

51 (63.0)
[52.1-72.7]

24 (68.6)
[52.081.4]

35 (58.3)
[45.769.9]

28 (62.2)
[47.6-74.9]

HTN

26 (24.8)
[17.5-33.8]

12 (14.8)
[8.7-24.1]

4 (11.4)
[4.5-26.0]

7 (11.7)
[5.8-22.2]

5 (11.1)
[4.8-23.5]

Kicker

Wide
Receiver

Defense
Back

P
Value

(n = 48)

(n = 71)

2 (10.0)
[2.8-30.1]

0 (0)

2 (2.8)
[0.8-9.7]

<.001

14 (60.9)
[40.8-77.8]

13 (68.4)
[46.084.6]

29 (61.7)
[47.4-74.2]

41 (62.1)
[50.1-72.9]

.98

4 (17.4)
[7.0-37.1]

2 (10.5)
[2.9-31.4]

4 (8.5) [3.419.9]

7 (10.6)
[5.2-20.3]

.21

(n = 20)

[0-7.4]

Tucker, et al., 2009

13

Finally, several chronic psychosocial stressors have been studied regarding stress and
cardiovascular response. A meta analysis of studies conducted over 30 years showed that job
stress, general life stressors, depression, anxiety, Type-A behavior, and burnout were some of the
key chronic psychosocial factors affecting cardiovascular response in a healthy population
(Chida & Hamer, 2008). Job stress, which can be a result or a factor of the others, may be the
most significant. In a study assessing the relationship between job stress and hypertension in
young working adults, men with high-strain jobs showed a greater cardiovascular response
throughout their work day (Light, Turner & Hinderliter, 1992). Using a repeated measures
approach, 129 healthy normotensive men and women were monitored continuously throughout
their work day. Men who classified themselves has having high-strain jobs showed greater
cardiovascular response (SBP: + 9.9 mm Hg versus 3.4 mm Hg, and DBP: +7.9 mm Hg versus
3.1.mm Hg, p <.03) when compared to the other adults (Light et al., 1992).

Hypertension in a Military Population
The military is made up of a younger cohort of individuals; however, members of the
Armed Forces are not free from cardiovascular disease (Fisher & Nichol, 2005). Between 1996
and 1999, 39% of the 215 exercise-related deaths of active duty Army personnel were attributed
to cardiovascular health issues (McGraw et al., 2008). Just as in the general population studies,
family history, high BMI, and stress may be the most significant contributors to hypertension
risk in a young military population.
Since many conditions are more frequently found in high-risk military occupations,
researchers emphasize the importance of thoroughly assessing all individuals for cardiac
conditions immediately and correctly, given that they can be easily overlooked during the rapid
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pre and postdeployment process (Fisher et al., 2005). Although severe hypertension is a
disqualifying factor for entry into the Armed Forces, and uncontrolled complicated hypertension
can be the basis for separation, a recent study of 15,106 soldiers stationed in the northwestern
U.S. found that 63% were pre-hypertensive (Smoley et al., 2008). Using the Health Risk
Appraisal questionnaire and health records, researchers found that increased age (OR 1.04, 95%
CI 1.04-1.05), BMI (OR 1.13, 95% CI 1.12-1.15), male sex (OR 1.96, 95% CI 1.61-2.39),
African ancestry (OR 1.52, 95% CI 1.31-1.75), and higher rank (OR 1.23, 95% CI 1.09-1.39)
were closely associated with the high prevalence of hypertension (Smoley et al., 2008).
Most past studies related to hypertension in the military assessed an older population of
soldiers, usually from the Vietnam and Gulf War era, as well as information taken from
databases and self-reported questionnaires. In a cross-section prevalence study of veterans at a
Veteran’s Administration hospital, researchers performed a 10-year post-1991 Gulf War
assessment using the Short Form-36 (Eisen, Kang, Murphy, Blanchard, Reda, Henderson et al,
2005). Analysis of data from both deployed (n 1,061) and non-deployed (n 1,128) veterans found
that 13.6% of the deployed veterans became hypertensive (OR 1.18, 95% CI 0.90–1.54)
compared to only 7.9% of the non-deployed veterans (OR 0.99, 95% CI 0.75–1.30) (Eisen, et al,
2005).
Another study of military personnel assessed the prevalence of hypertension among three
groups of Navy Seabees:
1. Those who deployed to the Gulf (n 3,831)
2. Those who deployed elsewhere (n 4,933)
3. Those who did not deploy (n 3,104) (Gray, Reed, Kaiser, Smith, & Gastanaga,
2002).
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A series of questionnaires were mailed at five-month intervals to these soldiers. When comparing
Gulf War Seabees to those who deployed elsewhere (OR 1.63, 95% CI 1.36-1.95) and Gulf War
Seabees to those who did not deploy (OR 1.82, 95% CI 1.48-2.26), 8% of the Gulf War Seabees,
5% of the Seabees who deployed elsewhere, and 5% of the non-deployed Seabees self-reported
the presence of hypertension (Gray, et al, 2002). The strength of this study was the available
sample size as well as the ability to compare two different types of deployment environments.
However, a limitation to this study was that the information was self-reported.
A similar study assessed the incidence of hypertension eight years after deployment in a
sample of veterans who deployed to Iraq (n 1263), veterans who deployed to Southwest Asia (n
610), and a group of non-deployed veterans (n 516) (McCauley, Lasarev, Sticker, Rischitelli, &
Spencer, 2002). A higher incidence of hypertension was found among those veterans who
deployed (OR 1.7, 95% CI 1.3-2.4) (McCauley et al., 2002).
Finally, a recent study compared military and civilian cohorts for cardiovascular risk factors
such as age, gender, hypertension, dyslipidemia, smoking, obesity, glucose abnormality/insulin
resistance, and stress, and found that hypertension and smoking were more prevalent in the
military population than in the civilian population (hypertension 12.1% versus 7.2% and
smoking 32.2% versus 21.6%, respectively) (McGraw et al., 2008).
During the proceedings at the 42nd Annual Society of Epidemiology Research meeting,
researchers reported a high prevalence of “new-onset” hypertension among soldiers that had
recently deployed. This ongoing study, known as the Millennium Cohort Study, has been
analyzing deployment health data since 2001. By comparing baseline data (July 2001 to June
2003) of U.S. military services members (n 77,047) and follow-up data (July 2004 to February
2006) on 55,021 participants, it was found that those who deployed with combat exposure were
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1.28 times more likely to develop hypertension than those who did not (95% CI, 1.04-1.58)
(Granado, Smith, Swanson, Harris, Shahar, Smith et al, 2009). Those with a higher BMI were
twice as likely to become hypertensive, while those who participated in strength training were
found to be protected from cardiovascular risk (Granado et al., 2009).

Stress and Cardiovascular Response
Three systems in the body affect blood pressure when a stressor occurs: neurological,
endocrine, and renal (Figure 1). The first system, the neurological system, serves as a network
that transmits messages to and from the brain to the various systems that control blood pressure.
When a person is physically or psychologically stressed, the limbic system (the emotional
response center in the brain) activates a part of the brain called the hypothalamus (Larkin 2005).
The hypothalamus triggers two pathways: a neurological pathway (autonomic nervous system)
and an endocrine pathway (McEwen, 1998). In the autonomic nervous system there are two
subsystems: the sympathetic nervous system (which is responsible for dynamic change in the
body) and the parasympathetic nervous system (which is responsible for returning the body to
homeostasis) (Larkin 2005). Within the sympathetic nervous system, there are two pathways: the
alpha-adrenergic and the beta-adrenergic (Larkin, 2005). The alpha-adrenergic path causes the
blood vessels to constrict, whereas the beta-adrenergic path affects both the heart and blood
vessels, causing an increase in heart rate and vasodilation (Larkin, 2005). As for the
parasympathetic nervous system, it affects the cardiovascular system via the vagus nerve by
decreasing the heart rate (Larkin, 2005).
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Hypothalmus

Nucleus Tractus Solitarius

Baroreceptor
Feedback
Vagal Nerve
Beta-Adren.
SNS

Catecholamines
Corticosteroids

Alpha-Adrenergic SNS
Beta-Adrenergic SNS
Renin
Angiotensin II

Nervous System
Endocrine System

Nitric Oxide
Autoregulation

Figure 1. Systems Involved in the Regulation of Blood Pressure
Adapted from www.severehypertension.net

The second system that influences blood pressure is the endocrine system. When the
hypothalamus is triggered, corticotropin-releasing factor stimulates the pituitary gland, which
releases the adrenocorticotropic hormone (ACTH) that triggers the adrenal glands (Guyton &
Hall, 2006). The adrenal glands are affected in two ways. First, the adrenal medulla secretes
catecholamines, epinephrine, and norepinephrine (Guyton et al., 2006). The effects of these
catecholamines are dependent upon the receptor sites located on the cell membranes of the target
organs (Guyton et al, 2006). Norepinephrine works on the alpha adrenergic receptors, resulting
in vasoconstriction, bladder sphincter contraction, increased gastrointestinal sphincter tone,
increased sweating, increased gluconeogenesis, decreased glucagon and insulin release, and
dilated pupils (Guyton et al., 2006) Epinephrine, on the other hand, works on the beta adrenergic
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receptors, which results in increased heart contractility, vasodilation, decreased gastrointestinal
motility, increased renin release, bronchiole dilation, bladder relaxation, increased glucagon, and
insulin release and lipolysis (Guyton et al., 2006). The second way the adrenal glands influence
blood pressure is via the adrenal cortex. The cortex releases the corticosteroid, cortisol, which
facilitates the function of norepinephrine and epinephrine (Larkin, 2005). Cortisol also causes
sodium retention, which draws water from the tissue back into the blood vessels, in turn causing
an increase in fluid volume with an end result of increased blood pressure (Carretero & Oparil,
2000). Since the endocrine system is dependent upon the circulatory systems to transport the
hormones, this response is usually delayed (Larkin, 2005). Like the harmonious balance between
the sympathetic and parasympathetic system, norepinephrine increases vasoconstriction while
epinephrine dilates the vessels (Larkin, 2005). Both, however, increase the heart rate (Larkin,
2005).
The third and final system, which is often considered the most important influence on
blood pressure, is the renal system. Based upon the vascular pressure detected by the kidneys,
urine excretion is increased or decreased to alter the blood volume within the vessels (Larkin,
2005). When blood pressure decreases, renin is released from the kidneys, which causes
vasoconstriction and sodium retention in hopes of reestablishing the pressure (Larkin, 2005).
Renin converts angiotensin to angiotensin II (a vasoconstricting hormone), which signals the
adrenal cortex to secrete aldosterone; this, in turn, causes the body to retain sodium by drawing
water back into the vessels to increase fluid volume, and hence increase blood pressure, just as in
cortisol (Larkin, 2005).
Two other important chemicals affect blood pressure: vasopressin and endothelin.
However, their mechanisms are not directly related to stress. Vasopressin, known as the anti19

diuretic hormone, is secreted from the posterior pituitary gland, which increases water absorption
in the renal tubules, causing increased blood pressure (Guyton et al., 2006). Endothelin is a
vasoconstricting chemical that is released from the endothelial cell whenever a blood vessel is
damaged (Guyton et al., 2006). This chemical reaction secondary to blood vessels damage
increases blood pressure, causing more damage and starting the cycle all over again.
One hallmark study that evaluated cardiovascular response to stress in a young population
was the Coronary Artery Risk Development in Young Adults (CARDIA) Study. This
longitudinal cohort study begun in 1985 assessed cardiovascular response in 5,115 white and
black men and women between the ages of 18-30 years at entry (Matthews, Katholi, McCreath,
Whooley, Williams, Zhu, 2004). At the 13-year follow-up, blood pressure response was assessed
using three stressors:
1. Cold pressor
2. Star tracing
3. Video games
After adjustment for race, gender, covariates (education, BMI, age, resting pressure), and
significant interactions, it was found that a greater cardiovascular responses (change in heart/
blood pressure) to the three stressors resulted in earlier development of hypertension (p<0.0001
to <0.01) (Matthews et al., 2004). This substantiated the assumption of a direct relationship
between stress and cardiovascular response and that over time this can lead to hypertension.

Cardiovascular Measures as Predictors for Cardiovascular Risk
In response to stress, several cardiovascular indices have been shown to be predictors of
future hypertension. These are systolic and diastolic blood pressure, mean arterial pressure,
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cardiovascular recovery, morning blood pressure surge, and evening blood pressure decline.
Although studies have mixed findings, systolic blood pressure, diastolic blood pressure, and
mean arterial pressure have been identified as stronger predictors of cardiovascular disease in
younger men, whereas systolic blood pressure and pulse pressures have been predictors in older
men (Sesso, Stampfer, Rosner, Hennekens, Gaziano, Manson et al., 2000).

Blood Pressure and Mean Arterial Pressure
Blood Pressure
Studies have shown that sustained pre-hypertension (blood pressure >130/80 mm Hg and <
140/90 mm Hg) is indicative of future hypertension (Rosamond et al., 2008). In a retrospective
analysis of 367 male aviators who became hypertensive over time, 48% of them were prehypertensive at age 18. Those who were pre-hypertensive had systolic pressures of 132 + 6 mm
Hg and diastolic pressures of 76 + 8 mm Hg, versus those who were not, who had systolic
pressures of 115 + 6 mm Hg and diastolic pressures of 72 + 7 mmHg (p < 0.001). Higher resting
heart rates (71 + 12) were found in the pre-hypertensive group versus those found in the
normotensive group (65 + 12 bpm; p < 0.001). Finally, those who were pre-hypertensive had
higher BMI (22.4 + 2.9 kg/m2) when compared to the normotensive group (21.7 + 2.5 kg/m 2; p
< 0.05) (Grossman, Grossman, Barenboim, Azaria Goldstein & Grossman, 2006). Also at
follow- up, 30% of the sample (pre-hypertensives [n 77] and normotensives [n 33]) developed
hypertension (Grossman et al., 2006). These findings substantiate that fact that pre-hypertension
in the young could increase their risk for future hypertension.
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Mean Arterial Pressure
Although mean arterial pressure (2/3 diastolic blood pressure + 1/3 systolic blood pressure) is
an important tool for assessing perfusion, this measure has also been a predictor of several
cardiovascular diseases (Millar, Lever & Burke, 1999). Since hypertension classifications
address systolic and diastolic blood pressure individually, mean arterial pressure may give a
more complete analysis. In a clinical trial assessing the efficacy of several antihypertensive
medications, a sample of 17,354 previously untreated patients (9,048 male and 8,306 female)
were randomized into three groups:
1. Placebo (n 8654)
2. Bendroftuazide (n 4297)
3. Propranolol (n 4403) (Millar et al., 1999)
Blood pressure measures were obtained at three, six, nine, and 12 months, and then every six
months for a 66-month duration, to determine if blood pressure, mean arterial pressure, or pulse
pressure were predictors of cardiovascular disease (Millar et al., 1999). Logistical regression and
Cox regression analyses showed that pulse pressure was the strongest predictor of coronary
events in males (Millar et al., 1999). However, mean arterial pressure was more predictive of
stroke, one of hypertension’s deadliest consequences (Millar et al., 1999). At the beginning of
the trial, the pulse pressure was weakly correlated in both sexes with diastolic blood pressure (r =
0.05, p < 0.0001) and heart rate (r = 0.09, p < 0.001), but strong with age (r = 0.35, p < 0.001),
and stronger with systolic blood pressure (r = 0.94, p < 0.0001) (Millar, et al., 1999). These
findings indicate that certain cardiovascular indices are stronger predictors than others when
considering risk for different cardiovascular diseases. This supports utilizing a combination of
cardiovascular indices when assess cardiovascular risk.
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Morning Surge and Evening Decline
One important cardiovascular measure is the circadian variation of blood pressure
throughout the day. Blood pressure normally declines at night, surges upon awakening, and
remains elevated throughout the day (Giles & Izzo, 2008). People with a dysregulated system
have a greater surge magnitude in the morning and a blood pressure that does not drop at least
10% when they are asleep (Kikuya, Hozawa, Ohokubo, Tsuji, Michimata, Matsubara et al.,
2000; Stolarz, Staessen & O’Brien, 2002; Giles et al., 2008). Although morning blood pressure
surge has been identified as a significant predictor of stroke in the elderly, this surge can be
attributed to factors such as the over-activation of the alpha adrenergic system, which is often
seen in stress (Kario, Pickering, Hoshide, Eguchi, Ishikawa, Morinari et al., 2004). Other factors
were noted in a study of 1,419 untreated hypertensive patients, where a morning surge > 25 mm
Hg was found to be associated with alcohol consumption, smoking, longer sleep duration, later
waking hours, and increased blood pressure variability (Neutel, Schumacher, Gosse, Lacourciere
& Williams, 2008). As for evening blood pressure decline, a “non-dipper” is defined as an
individual with a nocturnal blood pressure less than 10% of the mean daytime blood pressure
(Stolarz et al., 2002). This measure is important; for each 5% increment in the systolic or
diastolic blood pressure night-to-day ratio, there is a 20% increase of risk of cardiovascular
mortality, even if the blood pressure is within normal limits (Stolarz et al., 2002).
In the prospective Progetto Iperetensione Umbria Monitoraggio Ambulatoriale (PIUMA)
study, cardiovascular morbidity increased in those who were non-dippers (RR 6.26, 95% CI
1.92-20.32) when compared to those with dipper status (RR 3.70, 95% CI 1.13-12.5)
(Verdecchia, Schillaci, Borgioni, Ciucci, Gattobigio, & Porcellati, 1996). When age, gender,
diabetes, and left ventricular hypertrophy were controlled, women with hypertension who were
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non-dippers had higher cardiovascular morbidity at the time of follow-up (RR 6.79; p = 0.0002)
(Verdecchia et al., 1996). When night:day blood pressure ratios were assessed, there was an
increase in cardiovascular events in both genders when the ratio increased (Verdecchia et al.,
1996). Another evaluation of the PIUMA data showed the incidence of cardiovascular events per
1,000 patients to be 4.7 in the normotensive group, 17.9 in the dipper group, and a dramatic 49.9
in non-dipper group (Verdecchia et al., 1996). This non-dipping effect can exacerbate the risk for
those life-threatening cardiovascular events that often occur in the morning hours during the first
two hours of rising (Verdecchia et al., 1996).
Another study conducted to assess if morning blood pressure surge had a negative impact
on the cardiovascular system was a prospective study of 519 older hypertensives. The morning
blood pressure surge was calculated by taking the mean systolic blood pressure during the first
two hours after awakening minus mean systolic blood pressure during the one hour that included
the lowest sleeping blood pressure (Kario et al, 2003). During the 41-month time span, 44
strokes occurred (Kario et al., 2003). Those with a morning surge > 55 mm Hg (n 53) had a
higher prevalence of multiple infarctions (57% versus 33%; p = 0.001) and a higher prevalence
of stroke (19% versus 7.3%; p = 0.004) (Kario et al, 2003). The relative risk of the morning
surge group and the non-morning surge group was significant (RR 2.7; p = 0.04), showing that as
adults with hypertension get older, a higher morning blood pressure surge could be detrimental.
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Table 3. Review of Literature
Article
Setting
Clark,
M., Bond,
M.&
Hecker, J.
(2007)

Covelli,
High
M. (2006) school
located
in
Central
Florida

Sample
57 caregivers
of spouses with
new dementia
up to 1 year
since diagnosis

Tool(s)
Laboratory
values

88 caregivers
for 2 years or
more (n 88)

Geriatric Social
Readjustment
Rating Scale

53 noncaregivers
48 AfricanAmerican
adolescents
(31 with family
history of HTN
and 17 with no
family history
of HTN)

Perceived Stress
Scale
Laboratory
values

Intervention(s)
N/A

Design
Prospective
analysis

Outcome
Both new caregivers and veteran
caregivers exhibited increases in
primary mediators (urinary cortisol,
urinary epinephrine and
norepinephrine, and serum
dehydroepiandrostorone-ester
[DHEA-S]).

Cold pressor test
of hand
immersion in
cold water

Quasiexperimental

No significant difference between the
groups in regard to cortisol reactivity
(F = .389, p = .844); however, those
with a family history of HTN
demonstrated significant
cardiovascular reactivity (χ2 = 8.813,
p = .004).

Anthropometric
measurements

Blood pressure
measurements

25

Repeated
measures

Article
Eisen, S., Kang,
H., Murphy, F.,
Blanchard, M.,
Reda, D.,
Henderson W. et
al., (2005)

Setting
Veterans
Administration
hospitals
throughout the U.
S.

Granado, N.,
Smith, T.,
Swanson, G.,
Harris, R.,
Shahar, E.,
Smith B. et al.,
(2009)
Gray, G., Reed,
R., Kaiser, K.,
Smith, T. &
Gastanaga, V.
(2002)

Sample
30,000
deployed and
non deployed
Gulf War
veterans

Tool(s)
National Health
Survey of Gulf
War Era
Veterans

Intervention(s) Design
N/A
Prospective
crosssectional
analysis

Outcome
10 years after
deployment, 13.6% of
the deployed veterans
developed hypertension
vs. 7.8% of the nondeployed veterans.

Army installations 55,021
throughout the U. recently
S.
deployed
soldiers

National Health
Survey of Gulf
War Era
Veterans

N/A

Prospective
crosssectional
analysis

Navy installations
throughout the
U.S.

Questionnaire

N/A

Prospective
crosssectional
analysis

Soldiers who had combat
exposure were more
likely to develop
hypertension than those
who did not have combat
exposures (1.28, 95% CI,
1.04-1.58).
7 years after the Gulf
War, a higher prevalence
of hypertension was
found in the Navy
Seabees who deployed to
the Persian Gulf (OR
1.82, 95% CI 1.48-2.26)

3,831 Navy
Seabees who
deployed to
the Persian
Gulf
4933 Navy
Seabees who
deployed
elsewhere
3104 nondeployed
Navy
Seabees
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Article
Setting
Grossman, A., Israeli Air
Grossman, C.
Force
Barenboim, E.
Azaria, B.
Goldstein, L. &
Grossman, E.
(2006)

Sample
367 male
aviators

Tool(s)
Anthropometric
instruments and
blood pressure
monitor

Intervention(s)
N/A

Design
Longitudinal
and
retrospective
analysis

Kario, K.
Pickering, T.
Umeda, Y.,
Hoshide, S.
Hoshide, Y.,
Morinari, M. et
al., (2003)
Li, R., Alpert,
B., Walker, S.
& Somes, G.
(2007)

Multisite
(various
health care
facilities
throughout
Japan)

519
hypertensive
men and
women

N/A

Prospective
analysis

Public
school in
Obion
County,
Tennessee

315 students

Blood pressure
monitor
(2 hour duration
upon awakening
and 1 hour
duration when
asleep)
Anthropometric
instruments and
blood pressure
monitor

Video games
(lasting 10
minutes)

Longitudinal
analysis

27

Outcome
Of those who became
hypertensive, 48% were prehypertensive at age 18 (132
+6/76 + 8 versus 115 + 6/72
+ 7 mmHg; p < 0.001), had
higher resting heart rates (71
+ 12 vs. 65 + 12 bpm; p <
0.001), and higher BMIs
(22.4 + 2.9 versus 21.7 + 2.5
kg/m 2; p < 0.05) when
compared to those with
normal blood pressures.
Those with morning blood
pressure surges > 55 mm Hg
(n = 53) had a higher
prevalence of multiple
infarcts (57% versus 33%).

Children with a parental
history of hypertension
(27.5%) had higher BMIs
(21.6 versus 19.9, p = .001)
and showed a greater systolic
cardiovascular response (17.2
versus 14.9, p = .01).

Article
Light, K.,
Turner, R. &
Hinderliter, A.
(1992)

Setting
University of
North Carolina at
Chapel Medical
Center

Sample
129 healthy,
normotensive
adults

Tool(s)
Ambulatory
blood pressure
monitor

Intervention(s)
N/A

Design
Prospective
(repeated
measures)
analysis

Job Content
Questionnaire

Matthews, K.,
Katholi, C.,
McCreath, H.,
Whooley, M.,
Williams, M.,
Zhu, S. et al.
(2004)

Multisite
(Birmingham,
AL; Chicago, IL;
Minneapolis,
MN; and
Oakland, CA)

5,115
normotensive
black and
white men and
women

Anthropometric
instruments and
blood pressure
monitor

Cold pressor,
star tracing
(mirror image),
and video game
tasks

Longitudinal
analysis

McCauley, L.,
Lasarev, M.,
Sticker, D.,
Rischitelli, D.
& Spencer, P.
(2002)

Veteran
Administration
hospitals
throughout the
U.S.

1,263
deployed
veterans

Questionnaire

N/A

Prospective

516 nondeployed
veterans
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Outcome
Men identified as
having high-strain jobs
showed greater
cardiovascular response
throughout the day
(SBP: + 9.9 mm Hg
versus 3.4 mm Hg and
DBP: +7.9 mm Hg
versus 3.1.mm Hg, p
<.03).
After 13 years, those
with increased stress
response developed
hypertension, with the
majority of them being
black. Those who were
more prone to become
hypertensive were
older, less educated, and
had a higher resting BP
and higher BMI.
8 years after
deployment, there was a
higher prevalence of
hypertension in
deployed veterans (OR
1.7, 95% CI 1.3-2.4).

Article
McGraw, L.,
Turner, B., Stotts,
N. & Dracup, K.
(2008)

Setting
Army
installations
throughout the
U.S.

Sample
15,391 active
duty service
members

Tool(s)
Health Risk
Appraisal
survey

Intervention(s)
N/A

Design
Retrospective,
cross-sectional
analysis

Millar, J., Lever,
A. & Burke, V.
(1999)

Multisite
(Various
hospitals
throughout the
United
Kingdom)

17,354 mildly
hypertensive
men and
women

Blood
pressure
monitor

Bendrofluazide
and Propanolol

Prospective

Multisite
(Various
hospitals
throughout the
U.S., Canada,
UK, France, and
Germany

1,419
untreated
hypertensive
patients

Ambulatory
blood
pressure
monitor

Neutel, J.,
Schumacher, H.,
Gosse, P.,
Lacourciere, Y.
& Williams, B.
(2008)

Placebo
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N/A

Prospective
analysis

Outcome
13% were found to be
hypertensive and 62%
were found to be prehypertensive. Age,
BMI, male gender, and
higher rank were
associated with prehypertensive
1 year follow-up
showed that pulse
pressure was a strong
predictor of coronary
events and mean arterial
pressure was a strong
predictor of stroke in
males.
Those who consumed
alcohol, smoked, had
long sleep duration, late
wake time, and
increased BP variability
had morning surges >
25 mm Hg.

Article
Smoley, B.
Smith, N.
& Runkle,
G. (2008)

Setting
Army
installations
throughout the
U.S.

Sample
15,391 active
duty service
members

Tool(s) Intervention(s)
Health Risk
N/A
Appraisal survey

Steptoe, A.
& Marmot,
M. (2005)

Multisite
(various
healthcare
facilities in
London)

209
normotensive
men and women
(age 45-59 at
baseline)

Blood
pressure
monitor

Stressful
behavioral
tasks
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Design
Retrospective,
cross-sectional
analysis

Longitudinal
analysis

Outcome
13% were found to be
hypertensive and 62% were
found to be pre-hypertensive.
Age, BMI, male gender, and
higher rank were associated
with pre-hypertensive
Over the course of 3 years,
those with poor poststressor
recovery were more likely to
have increased systolic blood
pressure (OR 3.5, 95% CI,
1.19-10.8) when compared to
those with effective
poststressor recovery.

Article
Tucker, Vogel,
Lincoln, Dunn,
Ahrensfield,
Allen, et al.
(2009)

Verdecchia, P.,
Schillaci, G.,
Borgioni, C.,
Ciucci, A.,
Gattobigio, R.
& Porcellati, C.
(1996)

Setting
National
Football
League

Sample
504 active
and veteran
NFL players

CARDIA
Study
database

CARDIA
study
participants
(age 23-35 in
1985-1986)

Multisite
(various
hospital
throughout
Italy)

1,717 men
and women

Tool(s)
Laboratory
Values

Intervention(s) Design
N/A
Crosssectional
analysis

Anthropometric
measurements
Blood pressure
monitor

Ambulatory
blood pressure
monitor

N/A
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Prospective
analysis

Outcome
65% ([n = 310] 95% CI, 58.3%70.7%) of the NFL players
versus 24.2% ([n = 473] 95%CI,
22.3%-26.1%) of the general
population were classified as
pre-hypertensive (p< .001). Also,
13.8% ([n = 67] 95% CI, 11%16.7%) of the NFL sample
versus 5.5% ([n = 108] 95% CI,
4.6%-6.6%) of the general
population were identified (p<
.001). High BMI was associated
with pre-hypertension and
hypertension.
Cardiovascular events per 1,000
patients were 4.7 in the
normotensive group, 17.9 in the
dipper group, and 49.9 in the
non-dipper group.

Conceptual Framework
Since the stressful factors surrounding military deployment may be the key difference
between the risk for hypertension in a military population versus a civilian population, a
theoretical framework assessing the physiologic responses to stress was used in this study. The
Allostasis and Allostatic Load theoretical framework, attributed to the works of Bruce McEwen,
depicts how individual differences (e.g., genetics, age, life experience, family history, etc.),
perceived stress (e.g., helplessness, vigilance, etc.), and health behaviors (e.g., diet, exercise,
smoking, etc.) greatly contribute to one’s physiologic response to a stressor (Fisher & Reason,
1988; McEwen, 1998) (Figure 2). When one is stressed, whether psychological or physical, the
body attempts to protect itself through a complicated balancing act. Allostasis, a term first
introduced by Peter Sterling and Joseph Eyer in 1988, is the concept of maintaining homeostasis
through change (Fisher et al., 1988). Through allostasis, the autonomic nervous system and the
hypothalamus-pituitary-adrenal (HPA) axis; along with the cardiovascular, metabolic, and
immune systems; protect the body from to internal and external stressors (McEwen, 1998). If the
mediators of allostasis (e.g., adrenal hormones, neurotransmitters, or immuno-cytokines) are
activated too often or too long, fail to disengage, or are inefficiently managed, this wear and tear
manifests into what is known as the Allostatic Load (McEwen, 1998). This load over an
extended period of time can evolve into chronic disease. With the influence of individual
differences, perceived stress, and behaviors, four distinct paths can lead to an Allostatic Load:
1. Repeated stress (e.g., multiple deployments)
2. Prolonged stress (e.g., deployment over a year)
3. Lack of adaptation (e.g., less than 10% drop in blood pressure at night)
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4. Inadequate response (e.g., inflammation and auto immune response) (McEwen, 1998).

Figure 2. Bruce McEwen’s Allostasis/Allostatic Load Framework (McEwen, 1998)

An example of the use of this framework is a study that was conducted to assess the
physiologic outcome of stress in three groups:
1. Caregivers of spouses with new dementia up to one year since diagnosis (n 57)
2. Caregivers for two years or more (n 88)
3.

Non-caregivers (n 53) (Clark, Bond & Hecker, 2007).

To quantify primary stress mediators, urinary cortisol, urinary epinephrine and norepinephrine,
and serum dehydroepiandrostorone-ester (DHEA-S) were collected (Clark et al., 2007). Blood
pressure, waist to hip ratio, serum high density lipids (HDL), HDL-total cholesterol ratio, and
blood plasma levels of total glycosylated hemoglobin were collected as secondary stress
mediators (Clark et al., 2007). To obtain psychologic measures, the Geriatric Social
Readjustment Rating Scale was used to measure environmental stress, and the Perceived Stress
Scale measured psychological stress (Clark et al., 2007). When a series 2 by 3 repeated measures
33

ANOVA was conducted to compare year 1 and year 2 data, both new caregivers and veteran
caregivers exhibited increases in their primary mediators (Clark et al, 2007). No change occurred
in the non-caregivers, providing evidence that stress over time can manifest into some form of
measureable physiologic response.

Application of Framework to Research Study
Although this framework focuses on the long-term effects of stress over time, the
influencing factors are the same whether the response is acute or chronic. Figure 3 depicts how
this framework was applied to the study.

Stressor
(Exposure to a Simulated Combat Stressor)

Perceived Stress
(State-Trait Anxiety and Perceived Stress Questionnaire Scores)

Individual Differences

Behavioral Response

(Age, Race, Ethnicity, BMI,

(Level of Fitness Score)

Gender, Waist Circumference,
Family History of Hypertension,
History of Previous Deployment)

Physiologic Responses
(Systolic Blood Pressure,
Diastolic Blood Pressure,
Mean Arterial Pressure,
Morning Blood Pressure Surge,
Evening Blood Pressure Decline,
Cardiovascular Recovery)

Figure 3. Framework as Applied to Research Study
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Summary
A review of the literature showed that hypertension is a leading risk factor in the
manifestation of many cardiovascular diseases. Stress, family history, and high BMI have been
found as the most common risk factors for hypertension among the young. Although the military
is made up of a cohort of young fit individuals, there is a high prevalence of hypertension risk
factors among this population. Of those risk factors, stress as a consequence of multiple military
deployments may be the most salient. The review of literature also showed that most of the
military studies utilized self-reported information extracted from questionnaires and databases.
Due to the insufficient quantity, quality, and consistency of hypertension studies in the military,
this topic warrants further investigation.
The Allostasis and Allostatic Load framework is an ideal framework to guide research
that assesses the effect of various factors on the physiologic response to stress. Individual
differences, perceived stress and health behaviors could tremendously impact one’s physiologic
response to stress. Several cardiovascular measures (blood pressure, mean arterial pressure,
morning blood pressure surge, evening blood pressure decline, and cardiovascular recovery)
have been identified as predictors of cardiovascular disease and by assessing and identifying
which factors that influence them, researchers and health care providers may be able to better
identify those at risk for future hypertension.
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CHAPTER THREE: METHODS
Design and Research Methods
The research design and methods to assess cardiovascular response to a simulated combat
stressor are discussed in this chapter.

Design
Since intervals of continuous cardiovascular measures are necessary to answer the
research questions, a repeated measure (three intervals of measures) design was be used. In the
algorithm below (Figure 4), M represents the various measures that occurred over the three-day
data collection period, while X depicts the exposure to the stressor (Figures 4 and 5).

M1 Æ
X (M2)
Æ M3
Prestressor During Stressor Poststressor
Figure 4. Repeated Measure Design
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Intervention

M1a

M1b

M1c

M2

M3a

M3b

M3c

Second 24 hours

First 24 hours

M1a – Waking Measures (prestressor)
M1b – Sleeping Measures (prestressor)
M1c – Morning Surge (prestressor)

M2 - Stressor
M3a – Recovery and Waking Measures (poststressor)
M3b – Sleeping Measures (poststressor)
M3c – Morning Surge (poststressor)

Figure 5. Graphic Depiction of Repeated Measure Design (Adapted from Tiba Medical, 2008)

Possible Extraneous Variables
Since the stress response can be triggered from a variety of physical and psychological
stressors, many variables cannot be controlled. First, to minimize this threat, caution was taken to
avoid some variables when scheduling each participant for his/her data collecting rotation (e.g.,
exam schedules, assignment deadlines, scheduled personal life events, etc.). Second, by
scheduling the two 24-hour measures back to back, this decreased the time window in which
other extraneous variables could be introduced.
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Subjects and Sampling
Subjects
The study population consisted of students in the Army Reserve Officer Training Corps
(ROTC) program at the University of Central Florida’s (UCF) Orlando campus. This population
was selected because they closely represented the 2009 demographics of the U.S. Army’s
enlisted corps (Caucasians 61.1%, African -Americans 20.9%, Hispanics 12%, Asians 3.5%, and
Other 2.5%) (United States Army, 2009).
Army ROTC is an elective Department of Defense-funded program that students take
along with their required college courses (Army ROTC, 2009). The program is structured to
prepared young men and women to serve as officers in the U.S. Army (Army ROTC, 2009).
Classes are based on Army doctrine, team building, physical fitness, and leadership of troops in
and out of combat scenarios. Freshmen and sophomores over the age of 18 may participate in the
ROTC program without any obligation to join the Army (Army ROTC, 2009). However,
students who receive Army scholarships or enter the program at the junior and senior levels must
agree to serve full-time in the Army for three to four years after graduation (Army ROTC, 2009).
Some cadets may serve part-time in the U.S. Army Reserve or Army National Guard (Army
ROTC, 2009). Upon graduation from college, students are commissioned as Second Lieutenants
and are assigned to various branches throughout the U.S. Army (Army ROTC, 2009).
Cadets were selected for this study due to the level of combat training they receive to
prepare for the national Leadership Development Assessment Course, which takes place during
the summer between their junior and senior year. This training closely resembles the combat
experience often seen in the active duty combat environment. Cadets were also selected because
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after they are commissioned into the Army, it will be feasible to follow up on their
cardiovascular health status.

Inclusion/Exclusion Criteria
The inclusion criteria for the study included all cadets who a) were over the age of 17 and
b) were scheduled to participate in a paintball combat exercise as part of their training between
January 2010 and April 2010. Exclusion criteria included those who a) were under the age of 18,
b) had any known history of cardiovascular health issues, c) used antihypertensive medication
for any reason, and d) were unable to wear the ambulatory blood pressure monitor for 48
continuous hours (Table 4).

39

Table 4. Rationale for Exclusion of Subjects
Exclusion Criteria
Age
Known history of
cardiovascular health issues
(e.g., any diseases of the
circulatory system that fall
under ICD-10 codes I00-I99).
The use of any drugs
classified as an
antihypertensive (e.g., ACE
inhibitors, adrenergic receptor
agonists, adrenergic receptor
antagonists, aldosterone
antagonists, angiotensin II
receptor antagonists, calcium
channel blockers, centrally
acting adrenergics, diuretics,
and vasodilators).
The inability to wear
ambulatory blood pressure
monitor for two 24-hour
periods.

Rationale
To avoid the risk of recruiting a population deemed
vulnerable by the Institutional Review Board, participants
under the age of 18 were not recruited.
The presence of cardiovascular health issues could affect the
attainment of pure cardiovascular measures. This could also
increase or diminish the effect of the stressor.
Antihypertensive medication can alter blood pressure and
diminish the effect of the stressor

A complete 24-hour prestressor measure is necessary to
establish a baseline to which the 24-hour during and
poststressor measures can be compared. Any missing
measures could affect the accuracy of the statistical analysis.

Sample
A power analysis was conducted utilizing the G*Power (version 3.0.8, Mannheim,
Germany) software. Since the research question involved obtaining measures at several intervals,
a repeated measure (within factors) Analysis of Variance (ANOVA) test was selected using the
variables listed in research question 1a-c (comparing the SBP, DBP and MAP before, during,
and after the stressor) to conduct the power analysis. Using an effect size of 0.25, error
probability of .05, and a power of .80, it was determined that a sample size of 48 cadets was
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needed for the study. Assuming that 80% of the cadets would wear the ambulatory blood
pressure monitors for the required hours, a sample size of 60 was recruited.

Variables
The independent variable, exposure to a simulated combat stressor, was defined as the
exposure to a reproduction of an orchestrated struggle between opposing individuals or forces in
a military setting (Merriam-Webster, 2003). For the purpose of this study, participation in a
three- to four-hour paintball exercise served as the simulated combat stressor.
Paintball is an appropriate stressor for this study for several reasons. First, the experience
is similar to what is often experienced in combat. The use of weapons, reliance on physical
stamina, and problem-solving and teamwork make paintball a suitable proxy for a combat
stressor. Second, unlike running on a treadmill, which is often used for cardiovascular tests, the
intensity and duration of paintball is unpredictable, which may provide rich cardiovascular
reactivity data. Finally, there is a psychological component to paintball that is not often
experienced when running on treadmill. In paintball, the participant is trying to reach an object
and protect himself/herself, all while under a heightened state of awareness or fear.
Paintball is considered a sport, and under proper supervision, is very safe. In a study using
the National Electronic Injury Surveillance System (NEISS) database, researchers found that
11,998 patients age 7 and older were treated in emergency departments for non-fatal paintball
injuries between 1997 and 2001 (4.5 per 10,000 persons [95% CI, 3.3 to 5.7]) (Conn, Annest,
Gilchrist & Ryan, 2004). For those ages 7-17 (76.9%), the most common injuries were due to the
paint-filled, gelatin-coated ball; these injuries were 1.7 times higher (p, = 0.0001) than those of
individuals who were 18 or older (Conn et al., 2004). For those 18 or older, overexertion and
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falls were found to be the most common injuries (39.1%) (Conn et al., 2004). When supervision,
rules of engagement, and safety equipment are added, this risk decreases substantially (Conn et
al, 2004).
The dependent variable, cardiovascular response, is defined as the magnitude of
cardiovascular changes that occur during and/or after the exposure to a stressor (Cacioppi, 2007).
Mathematically, this is depicted as “measure” stressor period (minus) “measure” prestressor period
(Cacioppi, 1997). For the purpose of this study, cardiovascular response was measured by:
a. Comparing the systolic blood pressures (before, during, and after the stressor).
b. Comparing the diastolic blood pressures (before, during, and after the stressor).
c. Comparing the mean arterial pressures (before, during, and after the stressor).
d. Assessing the number of mm Hg the systolic blood pressure declined after the stressor
ceased.
e. Comparing the pre and poststressor morning blood pressure surges.
f. Comparing the pre and poststressor evening blood pressure declines.
The characteristics that were correlated with the cardiovascular response include the three
groups of factors listed in the theoretical framework as having influence on the stress response:
1) individual differences (e.g., age, race, ethnicity, gender, BMI, waist circumference, family
history of hypertension, and history of previous deployment), 2) perceived stress (e.g., StateTrait Anxiety Inventory and Paintball Exercise Questionnaire scores), and 3) health behavior
(e.g., Army Physical Fitness Test (APFT) score).
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Table 5. Table of Variables
Variable
Individual Differences
(Demographics)
Age, gender, race, ethnicity,
BMI, waist circumference,
family history of
hypertension, history of
previous deployment

Level of
Measurement

Categorical

Source

Interview

Time(s) of
Assessment

Purpose

Baseline

To describe
sample

Army Physical
Fitness Test (APFT)
score sheet (within
the past 3 months)

Perceived Stress
State-Trait Anxiety

Scale

State-Trait Anxiety
Inventory (forms
Y-1 and Y-2)

Baseline and after
paintball exercise

To establish level
of anxiety: before
and during the
paintball exercise

Perceived Stress

Ordinal

Paintball Perceived
Stress Questionnaire

After paintball
exercise

To establish level
of perceived
stress before,
during and after
the paintball
exercise

Health Behavior
Level of Fitness

Scale

APFT Score card
(within past three
months)

Baseline

To establish a
level of fitness

DEPENDENT
VARIABLES
(Prestressor)
Systolic Blood Pressure

Scale

Ambulatory blood
pressure monitor

To establish a
baseline.

Diastolic Blood Pressure

Scale

Same as above

Continuous hours
starting 2 hours after
awakening and
ending at bedtime
Same as above

Mean Arterial Pressure

Scale

Same as above

Same as above

Same as above

Pulse Rate

Scale

Same as above

Same as above

Same as above

Percentage the Evening
Blood Pressure Declined

Scale

Same as above

Continuous hours
starting from
bedtime and ending
once awakened the
next morning

Same as above

Magnitude of Morning
Blood Pressure Surge

Scale

Same as above

Continuous hours
starting from the
time awakened and
ending 2 hours later

Same as above
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Same as above

DEPENDENT
VARIABLES
(During Stressor)
Systolic Blood
Pressure

Scale

Ambulatory
Blood Pressure
Monitor

Continuous hours starting at the
beginning of the paintball
exercise and ending at the end of
the exercise

To compare to baseline
to establish level of
response to stressor

Diastolic Blood
Pressure

Scale

Same as above

Same as above

Same as above

Mean Arterial Pressure

Scale

Same as above

Same as above

Same as above

Pulse Rate

Scale

Same as above

Same as above

Same as above

Scale

Ambulatory
Blood Pressure
Monitor

Continuous for 1 hour starting
immediately after the end of the
paintball exercise

To measure how much
the blood pressure
declined after the
stressor ceased

Systolic Blood
Pressure

Scale

Same as above

Continuous hours starting 2 hours
after awakening and ending at
bed time

To compare to baseline
to establish level of
response to stressor.

Diastolic Blood
Pressure
Mean Arterial Pressure

Scale

Same as above

Same as above

Same as above

Scale

Same as above

Same as above

Same as above

Pulse Rate

Scale

Same as above

Same as above

Same as above

Percentage the
Evening Blood
Pressure Declined

Scale

Same as above

Continuous hours starting from
bedtime and ending once
awakened then next morning

Same as above

Magnitude of morning
Blood Pressure Surge

Scale

Same as above

Continuous hours starting from
the time awakened and ending 2
hours later

Same as above.

DEPENDENT
VARIABLES
(Poststressor)
Cardiovascular
Recovery

Intervention, Setting, and Implementation
Xtreme Paintball, located at 1300 South Poinciana Boulevard in Kissimmee, Florida,
served as the simulated combat environment. This 30-acre property gives sports enthusiasts the
opportunity to play simulated combat games against opposing forces. Using two teams,
participants play offensive and defensive roles in a variety of settings. Participants were
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equipped with paintball makers (simulated firearms); gelatin-coated, paint-filled projectiles
(simulated bullets); and protective masks. For safety and fair play, each team was assigned a
ROTC instructor. Since the data collection occurred simultaneously with the combat training
exercise, cardiovascular measures were taken continuously due to the unpredictable nature of the
stressor. All scenarios were scripted to follow established Army doctrine and protocol with some
added combat-related surprise elements.

Ethical Considerations
Approval
This study was approved by the UCF Institutional Review Board (Appendix A). The
Army Human Research Protection Office in Arlington, Virginia also provided consultation on
the proper IRB protocol for the use of military subjects. Since the Army ROTC cadets were
students of UCF and the combat exercise was deemed to be no greater of a risk than what the
cadets were normally exposed to, a risk assessment briefing and letter of support from the
Battalion Commander of the ROTC Department were the only military requirements needed.
The recruitment flyer (Appendix B) and consent were approved for distribution (Appendix C). A
secondary consent was later approved in the event that the study had to be opened to the UCF
U.S. Air Force ROTC cadets (Appendix D). Letters of support from all pertinent parties were
also obtained (Appendices E, F, and G).

Protection of Human Subjects
Participation in the study was strictly voluntary. An IRB-approved consent was given to
each interested cadet to thoroughly explain the context of the research study. Cadets were
encouraged to ask any questions in private if there were any concerns before signing the consent.
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Cadets were reassured that their non-participation in the study would not be reflected in their
grade or impact their current or future military service. To avoid the appearance of coercion, the
investigator wore civilian attire during any communication with cadets and stated that she is a
doctoral student in UCF’s College of Nursing, rather than stating she was a Lieutenant Colonel
in the U.S. Army Nurse Corps.
The cadets were informed that they had the right to withdraw from the study at any time.
Consents also stated that information obtained during the study would not be discussed with their
chain of command and that all results from the cardiovascular measures would be given directly
to the cadet. In the event that any cardiovascular measure warranted the consultation of a primary
care provider (e.g., blood pressure that is in the hypertension range for more than 50% of the
time during the prestressor measures) cadets would have been given a copy of the report and
encouraged to seek medical attention as soon as possible.

Potential Risks
The paintball exercise that was used as the stressor for the study was very similar to the
type of training that the ROTC cadets were already accustomed to. The only exception was the
use of paintball equipment and the wearing of an ambulatory blood pressure monitor. According
to Conn et al. (2004), paintball is considered to be a safe team sport, with injury rates of 4.5 per
10,000 persons. However, there is risk of bruising if struck with one of the gelatin-coated, paintfilled markers if unprotected at close range (Conn et al., 2004). To decrease the risk of injury,
each participant wore a tactical protection mask and closed-toe shoes with suitable traction per
the facility rules and regulations. In the event that any cadet needed medical attention, it would
have been handled in the same manner as any other injury that occurs during standard ROTC
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training exercises. As for the ambulatory blood pressure monitor, there was minimal risk. To
decrease sweating and irritation from the blood pressure cuff, a thin layer of Webril (cotton roll)
was used under the cuff if requested. To avoid irritation from cuff slippage during movement, the
cuffs were equipped with a mechanism that clipped to an adhesive patch, which was applied to
the skin. Minimal or no pain occurred with the inflation and deflation of the cuffs after the initial
blood pressure reading since the monitors automatically based subsequent maximum pressures
on the participant’s average blood pressure reading.

Potential Benefits
The Tiba Medical Ambulo 2400 ambulatory blood pressure monitor produced a report of
cardiovascular function. This comprehensive report gave each cadet a thorough view of his/her
cardiovascular health that would serve as a starting point for instilling positive health behaviors
for future cardiovascular health. Another benefit to participating in the study was the opportunity
to use paintball as an enhanced training experience.

Confidentiality
To ensure confidentiality, each cadet was assigned an alpha numeric identification
number upon enrollment. This identifier was used throughout the study. The document
containing full names and identification numbers was kept separate in a locked desk in the
investigator’s office. The data were saved to two encrypted portable hard drives (one for daily
usage and the other for backup). When not in use, the encrypted hard drives were stored a locked
file cabinet in the investigator’s office. After six years, identification sheet, demographic sheets,
and consents will be shredded and disposed. Portable encrypted hard drives will then be erased
and reformatted.
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Instruments
For this study five instruments were used:
1. Tiba Medical Ambulo 2400 ambulatory blood pressure monitor
2. Participant Information Sheet
3. State-Trait Anxiety Inventory
4. Paintball Exercise Questionnaire
5. Army Physical Fitness Test score sheet

Tiba Medical Ambulo 2400 Ambulatory Blood Pressure Monitor
Since the dependent variables in this study consist of physiologic measures, a
biophysiologic instrument was used to collect the data. To obtain cardiovascular measures, the
Food and Drug Administration- (FDA) approved Ambulo 2400 ambulatory blood pressure
monitor (Tiba Medical, Portland, Oregon) was used (Appendices H and I). This device was
selected over other monitors due to its compact size, durability, leasing option, and powerful data
analysis software. The device can capture 24 hours of continuous cardiovascular measures in
intervals of 5, 10, 15, 20, 25, 30, 45, 60, 75, 90, 105, and 120 minutes (Tiba Medical, 2009) .
For this study, the intervals of measure occurred:
1. Every 30 minutes during the pre and poststressor waking hours
2. Every 60 minutes during the pre and poststressor sleeping hours
3. Every 15 minutes during the stressor
The scales of measure range from 60-280 mm Hg systolic, 30-160 mm Hg diastolic, and
30-180 heart rate per minute (Tiba Medical, 2009). Along with cardiovascular data, the device
was also able to measure changes in physical activity through an accelerometer, which captures
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three axis of motion (Tiba Medical, 2009). This feature helped to identify the waking and
sleeping cycles so that no diary was necessary.
There are no documented studies using this device. However, according to the
manufacturer’s specifications, the measurement accuracy for blood pressures is + 3 mm Hg mean
difference with a + 8 mm Hg standard deviation (Tiba Medical, 2009). The memory is capable
of saving 3,000 measures and seven days of continuous actigraphy (Tiba Medical, 2009).
Measuring at 4.7” x 2.7” x 1.2” and weighing approximately nine ounces, its compact and
lightweight design was ideal for the combat environment. The device was powered by two 1.2volt NiMH rechargeable batteries and connected to a computer via a USB cable to export the
data (Tiba Medical, 2009). The accompanying Hypertension Diagnostic Suite for Microsoft
version 2.30 (Portland, Oregon) software allowed for the captured data to be analyzed and
displayed via a table or graph, or by correlated actigraphy and cardiovascular measures (Tiba
Medical, 2009). The table data, in Microsoft Excel format, was easily exported to a SPSS
datafile for further analysis. The device did not interfere with other electronic equipment within
its proximity and was latex free.

Participant Information Sheet
All demographic/descriptive data were documented on the eight-question, self-reported
Participant Information Sheet (Appendix J). The only identifying data on this sheet was the study
ID number.

State-Trait Anxiety Inventory
Anxiety is defined as an unpleasant state or condition that is induced by stress
(Speilberger, 1983). This psychological factor can play a role in how the cardiovascular system
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responds when one is exposed to a stressor. According to Spielberger (1983), state anxiety is
transitory while trait anxiety is stable, and both can be quantified using a tested instrument called
the State-Trait Anxiety Inventory (STAI) (Appendix K). This instrument was used to assess the
participants’ general state of anxiety as well as their state of anxiety during the combat exercise.
The instrument consists of 40 four-point Likert scale statements (20 related to trait anxiety and
20 related to state anxiety). Scores range from 40 to 160 with the higher score depicting a higher
level of anxiety (Spielberger, 1983). This instrument has been interpreted in many languages and
in a variety of populations. Due to the short 48-hour timeframe each cadet was enrolled in the
study, internal consistency reliability could not be evaluated. However, the instrument was
evaluated using a very similar population of college students (n 855) and military recruits (n
1,964) with Cronbach’s alphas ranging from .91 to .95 (Table 6).

Table 6. Internal Consistency of State-Trait Anxiety Inventory

State (mean)
s.d.
Cronbach’s α
Trait (mean)
s.d.
Cronbach’s α

College Students
M
F
( n 324)
(n 531)
36.47
38.76
10.02
11.95
.91
.93
38.30
40.40
9.18
10.15
.90
.91

Military Recruits
M
F
(n 1,893)
(n 71)
44.05
47.01
12.18
14.42
.93
.95
37.64
40.03
9.51
9.90
.89
.90

Paintball Perceived Stress Questionnaire
According to Cohen, Kamarck, and Mermelstein (1983), perceived stress is defined as a
person’s appraisal of an event as threatening or challenging. For the purpose of this study, a tool
modeled after the 0-10 Pain Numeric Rating Scale was used to measure the cadets’ perceived
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stress level at three intervals (before, during, and after the stressor). The 0-10 rating scale has
been validated over the years as an effective way to measure one’s perception of pain. Using the
level 0 to represent no pain, the scale increases in value as the level of pain increases, with 10
representing the worst pain possible (Florida Agency for Health Care Administration, 2009). A
descriptive correlational study published in 2006 assessed the reliability and validity for four
different pain scales:
1. The Faces Pain Scale Revised (FPS-R)
2. The Verbal Descriptor Scale (VDS)
3. The Numeric Rating Scale (NRS)
4. The Iowa Pain Thermometer (IPT) (Ware, Epps, Herr, & Packard, 2006)
Using a sample of 68 cognitively intact and cognitively impaired older minorities (75%
African-American [n = 50], 16% Hispanic [n = 11], and 10% Asian [n = 7]), participants were
asked to rate their pain using the four methods (Ware et al., 2006). Spearman correlation
coefficients were NRS (0.87), VDS (0.86), IPT (0.81), and FPS-R (0.76). Although the test-retest
reliability coefficient showed FPS-R (0.89), IPT (0.82), VDS (0.79), and NRS (0.77), the NRS
was the preferred method among both the cognitively intact (n = 12/36, 33%) and the collegeeducated (n =6/13, 46%) (Ware et al., 2006).
Using these same principles, at the completion of the exercise participants were asked to rank
their level of stress using four questions:
1. What was your level of stress yesterday before the paintball exercise?
2. What was your level of stress during the paintball exercise?
3. What was your level of stress when you were placed in the leadership position?
4. What is your level of stress now? (Appendix L)
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These four questions were asked at the end of the exercise, which provided a stress level
value that was later correlated with the cardiovascular measures obtained prestressor, during the
stressor, and poststressor. Since internal consistency reliability could not be evaluated, responses
were compared to those in the STAI since both instruments evaluated “general” and “current”
psychological states. These are discussed in Chapter 4.

Army Physical Fitness Test Score Sheet
Since a soldier’s level of fitness can greatly impact his or her combat readiness, a
mandatory physical fitness assessment, called the APFT, is conducted twice a year (Department
of the Army [DA], 1998). The test assesses soldiers in three events (push-ups, sit-ups, and twomile run) to measure cardiorespiratory endurance, muscular strength, muscular endurance, and
flexibility (DA, 1998). Based upon a soldier’s gender and age, the number of repetitions of situps and push-ups in two minutes, along with the time it takes to complete a two-mile run, is
calculated into a score ranging from 0-300 (0-100 points for each event) (DA, 1998). The higher
the score, the better the level of fitness. For this study, the participant’s most recent APFT score
within the last three months served as a level of fitness indicator (Appendix M).

Data Collection Procedure
Pilot Testing
After IRB approval and prior to the start of the study, a pilot study was conducted using
three volunteers to:
1. Assess the feasibility of wearing the monitor
2. Assess the reliability and validity of the measures obtained from the monitor
3. Assess the usability of the software that analyzes the data from the monitor
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The investigator along with two enlisted ROTC staff members wore the ambulatory blood
pressure monitors for 72 hours. During that time, each person participated in 1-2 hours of
paintball. Each person was then asked about his/her experience with the monitor to asses any
issues that would pose difficulty once the study started. Measures were analyzed with the
software provided and exported to an SPSS data file for a test analysis. Software and monitor
questions were addressed with the President of Tiba Medical, and any logistical issues pertaining
to the combat exercise were discussed with the ROTC staff.

Recruitment
After IRB approval, the investigator was scheduled to speak with the participants during
one of their ROTC classes. The investigator wore civilian attire and introduced herself as a
student of the College of Nursing. In conjunction with a written script (Appendix N), the
investigator explained the purpose, procedures, and benefits of the study. Flyers were posted
throughout the ROTC Department (Appendix B) along with a signup sheet and contact
information. All recruitment was completed within 48 hours.

Data Collection
Once all of the participants were recruited, a Recruitment Screening Tool was distributed
to assess the inclusion and exclusion criteria (Appendix O). A data collection timetable is noted
in Table 7. On Day 1, a meeting was scheduled with all 60 cadets simultaneously to sign the
consent, sign the paintball waiver (Appendix P), complete Form Y-2 of the STAI, and complete
the Participant Information Sheet. Height, weight, and APFT scores were obtained from the
most recent APFT score card (within the last three months) located in the ROTC file. Waist
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circumference was taken with a cloth tape measure in accordance with the military body fat
analysis standards (DA, 2006).

Table 7. Data Collection Timetable
Day 1
Group
A

Group
B

1) Sign
consent
and waiver
2) Complete
Participant
Informatio
n Sheet
3) Complete
Trait
Anxiety
Inventory
4) Obtain
waist
circumfere
nce

Day 2
Prestressor
Measures

Day 3

Day 4

Day 5

Day 6

Poststressor
Measures

Paintball
Exercise
(During
Stressor
Measures)

1) Complete
State
Anxiety
Inventory
2) Complete
Paintball
Perceived
Stress
Questionnai
re
Rotate
Monitors
Prestressor
Measures

1) Sign
consent
and waiver
2) Complete
Participant
Informatio
n Sheet
3) Complete
Trait
Anxiety
Inventory
4) Obtain
waist
circumfere
nce

Paintball
Exercise
(During
Stressor
Measures)

1) Complete
State
Anxiety
Inventory
2) Complete
Paintball
Perceived
Stress
Questionnai
re
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Poststressor
Measures

The sample was divided into two groups of 30 (Group A and Group B). On Day 2, the 30
participants (Group A) who were scheduled for the first rotation were fitted with ambulatory
blood pressure monitors on their non-dominant arms and were given instructions on the proper
wear and care of the monitor (Appendix Q). Monitors were set to obtain measures every 30
minutes during the waking hours and every 60 minutes when asleep. Participants were informed
that they could engage in any activities that they would normally do, with the exception of
strenuous exercise (e.g. running, weight training, etc.), and that the investigator may inquire
about their activities if the monitor displayed questionable data. All information was kept
confidential. Thorough instructions were also given on how to temporarily pause and remove the
monitor for emergencies or activities such as bathing. In the event that the monitor needed to be
removed for any reason during the 48 hours, it was stressed that the monitor had to be reapplied
during the crucial data collection points (Table 8). Participants were given the investigator’s
telephone number and were instructed to call if there were any issues regarding the monitor.
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Table 8. Crucial Data Collection Points Based on Data Collection Timetable
Day

Time

Day 2 (Group A)
Day 4 (Group B)
“Prestressor-Awake”

1400-1800 hrs

Day 2 (Group A)
Day 4 (Group B)
“Prestressor-Asleep”

While asleep

Day 3 (Group A)
Day 5 (Group B)
“Prestressor-Surge”

From time awakened for 2 hours

Day 3 (Group A)
Day 5 (Group B)
“During Stressor and Recovery”

1400-1900 hrs

Day 3 (Group A)
Day 5 (Group B)
“Poststressor-Awake”

1900-2300 hrs

Day 3 (Group A)
Day 5 (Group B)
“Poststressor-Asleep”

While asleep

Day 4 (Group A)
Day 5 (Group B)
“Poststressor-Surge”

From time awakened for 2 hours

On the Day 3, all monitors were removed and collected. While the participants were
being fitted with the proper equipment and receiving their safety briefing from the Xtreme
Paintball staff, the investigator downloaded the previous day’s data and exchanged all batteries.
New blood pressure protocols were then uploaded and monitors redistributed to their assigned
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user. Monitors were set to obtain measures every 15 minutes for the duration of the exercise and
automatically reverted back to the initial protocol (every 30 minutes while awake and every 60
minutes while asleep) once the recovery period was completed. Initially it was planned to
monitor each participant as they rotated in the leadership position to assess the effect of an
intensified stressor; however, due to the unpredictability of the exercise, accurate start and stop
top times could not be established.
At the end of the exercise, dinner was served and participants were asked to complete
Form Y-1 of the STAI while they relaxed for at least one hour. Before leaving the paintball site,
participants were reminded not to remove the monitor until two hours after rising the next
morning.
On Day 4, all 60 participants arrived to participate in a land navigation exercise. Monitors
were collected and disinfected, data was downloaded, batteries were exchanged, and new
protocol was uploaded for the next group of 30 participants. The same steps were taken as in Day
2; however, the participants wore the monitors during the two- to four-hour land navigation
exercise.
On Day 5, Subjects in Group B were to follow the same protocol as in Day 3. However,
due to severe weather and concern for safety, a 45-minute weapon familiarization exercise was
used instead.
On Day 6, all monitors were collected and disinfected. Data were downloaded and saved
to an encrypted portable hard drive.
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Data Analysis Procedure
Demographic data were obtained from the Participant Information Sheet. Perceived
stress scores were taken from the Paintball Perceived Stress Questionnaire and State and Trait
Anxiety scores were taken from the STAI forms Y-1 and Y-2, which were calculated according to
the State-Trait Anxiety for Adults Manual, Instruction, and Scoring Guide (Speilberger, 1983).
Fitness scores, along with height and weight, were obtained from the most recent APFT Score
Card on file in the ROTC Department, within the last three months. Body mass index was
calculated using the standards and formula given by the Centers for Disease Control and
Prevention (Centers for Disease Control and Prevention, 2009). Demographic information was
described using frequencies and descriptive statistics and continuous variables were explored to
determine normality. All data collected from the various instruments were de-identified.
Cardiovascular measures were downloaded directly from ambulatory blood pressure
monitors into the Hypertension Diagnostics Suite for Microsoft software. Invalid measures as
determined by the monitor were omitted. Measures were then logged into the Statistical Package
for the Social Sciences (SPSS) version 18 (Chicago, Illinois). Using the SPSS software, data
were reviewed for outliers, missing data, and errors. Questionable cardiovascular measures were
compared to the original measures in Hypertension Diagnostics Suite for Microsoft software to
ensure that there were no errors in data transcription. If measures were still questionable, they
were further assessed for validity based on the participant’s cardiovascular measure trend.
Questionable measures were removed, listed on a separate tracking sheet and a new recoded
variable was generated containing only valid measures, so that accurate analyses could be made.
Cardiovascular measures obtained before the stressor served as the baseline measures to which
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all other measures were compared. Since all participants did not have the same number of
measures throughout the data collection, mean values were used.
Since the time of each cardiovascular measure varied between participants, measures
were logged to the nearest hour and/or half-hour mark. These measures were then placed into
categories to reflect their time of day and the phase of exercise during which they were taken
(Table 9). Waking and sleeping times were agreed upon at the initial interview with participants
and were verified using the 3-axis of movement actigraphy reading provided by the ambulatory
blood pressure monitor. To determine poststressor recovery, the lowest value during the onehour recovery period was subtracted from the highest value during the stressor since the exercise
involved intermitted bouts of stress that did not occur at the same time for each participant.
Evening decline measures were determined by subtracting the lowest measure during the
sleeping hours from the mean measure during the waking hours. Lastly, morning surge measures
were determined by subtracting the mean sleeping measure from the highest morning measure
during the first two hours of awakening.
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Table 9. Cardiovascular Measures Timetable
Phase in the
Cycle
Prestressor

Subcategory of
Measure
Waking Measures

Sleeping Measures
(also contains
evening decline
measures)
Morning Surge
Measures
During Stressor

Time of Day

Activity

0800 – 2259 hrs

Group B
participated in a
four-hour land
navigation exercise

2300 - 0759 hrs

0800 – 1000 hrs
1500 – 1859 hrs

1800 – 1859 hrs

Recovery
Poststressor

1900 - 2000 hrs
Waking Measures

2000 – 2259 hrs

Sleeping Measures
(also contains
evening decline
measures)
Sleeping Measures
(also contains
evening decline
measures)
Morning Surge
Measure
Morning Surge
Measures

2300 – 0759 hrs (Group A)

2300 - 0429 (Group B)

0800 - 1000 (Group A)
0430 - 0600 (Group B)
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Group A
participated in a
four-hour paintball
combat exercise
Group B
participated in a
one-hour paintball
weapon
familiarization
exercise
* Rest, no activity

Research Questions and Statistical Tests
To answer the research questions, the following analyses were conducted. In all analyses,
a p value of .05 was used as the level of significance.

Research Question 1a
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the mean systolic blood pressures before, during, and after the stressor?
A one-way Analysis of Variance (ANOVA) was used to assess the variance of the mean
systolic blood pressures between and within both groups before, during, and after the stressor.
According to Mertler and Vannatta (2005), the assumptions for this test are:
1. The observations within each set of measures are independent of one another
2. The measures must be normal
3. The measures must have equal variance
For this test, statistical significance was determined by the F ratio (Mertler et al, 2005).

Research Question 1b
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the mean diastolic blood pressures before, during, and after the stressor?
A one-way ANOVA was conducted to assess the variance of the mean diastolic blood
pressures between and within both groups before, during, and after the stressor. The analysis was
conducted in the same manner as research question 1a.
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Research Question 1c
What is soldier’s cardiovascular response under a simulated combat stressor when
comparing the average mean arterial pressures before, during, and after the stressor?
A one-way ANOVA was conducted to assess the variance of the average mean arterial
pressure between and within both groups before, during, and after the stressor. Analysis was
conducted in the same manner as research questions 1a and 1b.

Research Question 1d
What is a soldier’s cardiovascular response under a simulated combat stressor when
assessing the number of mm Hg the systolic blood pressure declined after the stressor ceased?
A one-way ANOVA was conducted to assess the variance of the number of mm Hg the
systolic blood pressure dropped between the highest measure during the stressor and the lowest
measure during the recovery period, both between and within both groups. The analysis was
conducted in the same manner as research questions 1a, 1b, and 1c.

Research Question 1e
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing pre and poststressor morning blood pressure surges?
A paired samples t-test was conducted to compare the prestressor and poststressor
morning systolic blood pressure surges in both groups. According to Field (2009), assumptions
for this analysis are:
1. The measures must be normally distributed
2. The data must be at least at the interval scale
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3. There should be homogeneity of variance, and d) the values should be
independent of one another.

Research Question 1f
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the pre and poststressor evening blood pressure decline?
A paired-samples t-test was conducted to compare the pre and poststressor systolic blood
pressure evening decline in both groups. The Analysis was conducted in the same manner as
questions 1e.

Research Question 2
Which factors (individual differences, perceived stress/anxiety, or level of fitness) play
the most significant role in a soldier’s cardiovascular response under a simulated combat
stressor?
A bivariate correlation was conducted to assess the relationships between personal
characteristic (individual differences, anxiety/perceived stress scores, and level of fitness) and
the pre, during, and post cardiovascular measures. According to Mertler et al., (2005), the
assumptions are:
1. The variables are fixed
2. The variables are measures without error
3. The relationship are linear
4. There is homoscedasticity of the variables
5. The errors are normally distributed
To meet these assumptions, all non scale variables that were dichotomous were recoded.
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Summary
Using a sample of 60 ROTC cadets, a repeated measure (three interval measures) design
was used to assess the effect of a simulated combat stressor on cardiovascular response. IRB
approval was given to protect the participants, identify risk and benefits, and to assure
confidentiality. By having the cadets wear ambulatory blood pressure monitors for
approximately 48 continuous hours, analyses can be made between the measure taken before,
during, and after the stressor. Data were analyzed to determine if individual differences,
perceived stress, and/or level of fitness played a role in their cardiovascular response. In order to
answer the research questions, the statistical analyses were run using one-way ANOVAs, paired
t-tests, independent samples t-tests, and bivariate correlations.
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CHAPTER FOUR: RESULTS
This chapter summarizes the findings of the study. The study was conducted in March,
2010. Initially, the study was designed and powered to explore the cardiovascular measures of 60
participants. For data collection feasibility, the sample was divided into two groups of 30 cadets.
Due to severe weather and cancellation of the paintball exercise for the second group (Group B),
only the first group of 30 participants (Group A) was able to experience the full dose of the
stressor. In collaboration with the dissertation committee, a decision was made to analyze data as
a two-group quasi experiment design (one exposed to an intense physical stressor and the other
exposed to as psychological and less intense physical stressor). Group A (n = 30), identified as
the intervention group, represented the group that participated in the three- to four- hour intense
paintball combat exercise while Group B (n = 30) represented the control group that participated
in a land navigation exercise and a 45-minute paintball weapon familiarization exercise.
Since all participants did not have an equal number of measures, mean calculations were
used instead. In the event that a calculation required a measure that was missing or deemed
invalid, that participant’s information was not included in the analysis, in turn changing the “n”
in some of the tables.

Sample
Sixty cadets were enrolled in the study and were divided into two groups of 30 based on
the company in which they were assigned. Descriptive analyses were conducted to assess group
difference using crosstabulation with chi-square statistics for categorical data and independent
samples t-test for scale data. Table 10 summarizes the demographic characteristics of
participants. In Group A, the participants ranged from ages 18-33 years (m = 21.57 years) while
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Group B participants ranged from ages 19-29 years (m = 20.57 years). Independent samples t-test
with equal variances showed no group differences (p > .05) in regard to age (t = 1.197, df = 58, p
= .236), BMI (t = -.790, df = 53, p = .433), and waist circumference (t = .078, df = 58, p = .938).
Chi-square tests found no significant differences between the two groups (p > .05) in regard to
gender (chi square (χ 2) = .000, df = 1, p = 1.0), race (χ2 = 3.164, df =3, p = .367), ethnicity (χ2 =
.800, df =1, p = .371), or family history of HTN (χ2 = 3.960, df =2, p = .138). In regard to
deployment history, there was a significant difference between the groups (χ2 = 4.286, df =1, p
=.038), with Group A having four participants and Group B having none.
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Table 10. Demographics of Participants
Demographics

Age (mean)
(min - max)
Gender

Group A
(Experimental)
n = 30

Group B (Control)
n = 30

P = Value

21.57 (3.748 s.d.)

20.57 (2.622 s.d.)

.236b

18-33

19-29
1.00a

Male

24 (80%)

24 (80%)

Female
Race

6 (20%)

6 (20%)
.367a

Caucasian
African-American

20 (66%)
7 (24%)

24 (80%)
3 (10%)

Asian
Other

3 (10%)
0 (0%)

2 (6%)
1 (3%)

Ethnicity
Hispanic or Latino

9 (30%)

6 (20%)

Family History of HTN

14 (46%)

12 (40%)

.138a

22.23 (3.55 s.d.)

25.34 (3.52 s.d.)

.433b

21.16-30.86

18.97-33.14

33.22 (3.14 s.d.)

33.15 (4.20 s.d.)

26.25-39.75

26.00-43.00

4 (13%)

0 (0%)

BMI (mean)
(min-max)
Waist Circumference (mean)
(min-max)
History of Deployment
aChi

.371a

.938b

.038*a

Square test
Samples t-test

bIndependent

Figure 6 shows the overall trend of the systolic and diastolic blood pressures of both
groups before and after the stressor. The succeeding five research questions further assess the
changes that occurred during and after the stressor as well as blood pressure recovery, evening
blood pressure decline, and morning blood pressure surge, and their relationship to participants’
personal characteristics.
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Figure 6. Comparison of Group Pre and Poststressor Blood Pressure

Research Question 1a
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the mean systolic blood pressures before, during, and after the stressor?
A one-way ANOVA was conducted to compare the mean systolic blood pressure of both
groups before, during, and after the paintball exercise. A significant difference was found in the
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mean waking poststressor systolic blood pressure (F[1, 51] = 7.493, p = .009). In other words,
those who were exposed to the paintball exercise had a higher mean systolic blood pressure well
after the exercise was over (m = 113.76, sd = 15.509) when compared to the group that did not
participate in the exercise (m = 102.98, sd = 13.087) (Table 11).

Table 11. Systolic Blood Pressure Measures

28

Std.
Mean Deviation Minimum Maximum
108.85
11.568
80
133

28

115.44

17.139

91

151

56
28

112.15
97.62

14.864
8.511

80
84

151
125

29

97.45

6.939

83

111

57
22

97.54
111.6

7.682
20.939

83
70

125
143

28

112.99

15.924

70

141

50
26

112.38
113.76

18.114
15.509

70
91

143
153

27

102.98

13.087

84

147

53
28

108.27
96.98

15.194
8.208

84
78

153
118

27

94.91

8.067

79

111

55

95.96

8.131

78

118

N
(Waking) Mean
Systolic Blood
Pressure
(Prestressor)
(Sleeping) Mean
Systolic Blood
Pressure
(Prestressor)
Mean Systolic
Blood Pressure
During Stressor
(Waking) Mean
Systolic Blood
Pressure
(Poststressor).
(Sleeping) Mean
Systolic Blood
Pressure
(Poststressor)

Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
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Sig.
.098

.935

.791

.009*

.350

Research Question 1b
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the mean diastolic blood pressures before, during, and after the stressor?
A one-way ANOVA was conducted to compare the mean diastolic blood pressure both
groups before, during, and after the stressor. No significant differences were noted between the
two groups (Table 12).

Table 12. Diastolic Blood Pressure Measures

(Waking) Mean
Diastolic Blood
Pressure
(Prestressor)
(Sleeping) Mean
Diastolic Blood
Pressure
(Prestressor)
Mean Diastolic
Blood Pressure
During Stressor
(Waking) Mean
Diastolic Blood
Pressure
(Poststressor)
(Sleeping) Mean
Diastolic Blood
Pressure
(Poststressor)

Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total

N
28

Std.
Mean Deviation Minimum Maximum
69.93
6.848
53
82

28

72.83

10.904

48

103

56
28

71.38
62.81

9.139
6.389

48
53

103
82

29

61.91

6.301

48

75

57
21

62.35
80.23

6.304
17.557

48
52

82
119

28

78.22

12.340

58

113

49
26

79.08
69.59

14.666
9.577

52
49

119
90

27

66.54

10.022

50

99

53
28

68.03
62.32

9.833
6.534

49
49

99
84

27

60.7

5.001

51

69

55

61.53

5.836

49

84

70

Sig.
.239

.593

.639

.263

.308

Research Question 1c
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the average mean arterial pressures before, during, and after the stressor?
A one-way ANOVA was conducted to compare the average mean arterial pressure of
both groups before, during, and after the stressor. A significant difference was found in the
average waking poststressor mean arterial pressure (F[1, 51] = 4.212, p = .045). Those who were
exposed to the paintball exercise had a higher average mean arterial pressure poststressor (m =
85.22, sd = 15.416) when compared to the group that was not exposed (m = 77.43, sd = 12.083)
(Table 13).
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Table 13. Mean Arterial Blood Pressure Measures

(Waking)
Average Mean
Arterial
Pressure
(Prestressor)
(Sleeping)
Average Mean
Arterial
Pressure
(Prestressor)
Average Mean
Arterial
Pressure During
Stressor
(Waking)
Average Mean
Arterial
Pressure
(Poststressor)
(Sleeping)
Average Mean
Arterial
Pressure
(Poststressor)

Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total
Group
A
Group
B
Total

N
28

Std.
Mean Deviation Minimum Maximum
82.85
10.473
61
108

28

87.01

11.188

65

107

56
28

84.93
72.39

10.941
7.945

61
62

108
99

29

72.59

6.978

56

90

57
21

72.49
85.74

7.402
16.928

56
63

99
129

28

87.15

14.091

59

125

49
26

86.55
85.22

15.218
15.416

59
65

129
132

27

77.43

12.083

58

115

53
28

81.25
72.16

14.238
7.257

58
56

132
94

27

70.81

5.653

60

80

55

71.5

6.495

56

94

Sig.
.157

.921

.753

.045*

.446

Research Question 1d
What is a soldier’s cardiovascular response under a simulated combat stressor when
assessing the number of mm Hg the systolic blood pressure declined after the stressor ceased?
A one-way ANOVA was conducted to compare the mean mm Hg that the systolic blood
pressure declined after the exercise was completed. This decline was calculated by subtracting
the lowest measure during the recovery phase from the highest measure during the stressor.
Since many of the “during stressor” measures were invalid due to movement during
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measurement, only participants with valid measures were used to calculate systolic blood
pressure recovery. Although Group B had a greater decline (21.50 mm Hg vs. 10.93 mm Hg), the
differences were not statistically significant (F[1, 30] = 2.024, p = .165) (Table 14).

Table 14. Systolic Blood Pressure Recovery

N
Group A
Group B
Total

14
18
32

Std.
Mean
Deviation Minimum Maximum
10.93
24.326
-36
53
21.50
17.737
-7
57
16.88
21.192
-36
57

Sig.
.165

Research Question 1e
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing pre and poststressor morning blood pressure surge?
A paired-samples t-test was conducted to compare the mean prestressor morning systolic
blood pressure surge to the mean poststressor morning systolic blood pressure surge between
both groups. A significant difference was found only in Group B (t[21] = 2.243, p = .036) where
the mean prestressor systolic blood pressure surge was 20.10 mm Hg (sd = 10.770) and mean
poststressor systolic blood pressure surge was 10.96 mm Hg (sd = 14.818). When the groups
were compared to one another, Group A had a greater systolic blood pressure morning surge
(12.62 mm Hg vs. 10.96 mm Hg) the day after the paintball exercise, whereas Group B had a
greater systolic blood pressure morning surge (20.10 mm Hg vs. 18.55 mm Hg) the day after the
land navigation exercise (Table 15).
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Table 15. Morning Systolic Blood Pressure Surge

Group A

Group B

Mean
18.55

N
25

Std.
Deviation
20.153

Morning Surge
Systolic Blood
Pressure
(Poststressor)

12.62

25

16.106

Morning Surge
Systolic Blood
Pressure
(Prestressor)

20.10

22

10.770

Morning Surge
Systolic Blood
Pressure
(Poststressor)

10.96

22

14.818

Morning Surge
Systolic Blood
Pressure
(Prestressor)

Sig (2tailed)
.181

.036

The same analysis was conducted to compare the pre and poststressor diastolic blood
pressure morning surges and again found that there was a significant difference in Group B
(t[21] = 2.363, p = .028). The mean prestressor diastolic blood pressure morning surge was 17.62
mm Hg (sd = 12.372) and the poststressor diastolic blood pressure morning surge was 8.31 mm
Hg (sd = 15.295) (Table 16).
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Table 16. Morning Diastolic Blood Pressure Surge

Group
A

Group
B

Morning Surge Diastolic Blood
Pressure (Prestressor)

Mean N
12.60 25

Std.
Std. Error
Deviation
Mean
15.935
3.187

Morning Surge Diastolic Blood
Pressure (Poststressor)

9.65 25

12.014

2.403

Morning Surge Diastolic Blood
Pressure (Prestressor)

17.62 22

12.372

2.638

Morning Surge Diastolic Blood
Pressure (Poststressor)

8.31 22

15.295

3.261

Sig (2tailed)
.406

.028

Research Question 1f
What is a soldier’s cardiovascular response under a simulated combat stressor when
comparing the pre and poststressor evening blood pressure decline?
A paired-samples t-test was conducted to compare the pre and poststressor systolic blood
pressure evening decline in each group. A significant difference was found only in Group B
(t[23] = 3.080, p = .005), where the mean prestressor systolic blood pressure evening decline was
18.93 (sd = 16.484) and the mean poststressor systolic blood pressure evening decline was 5.98
(sd = 9.555) (Table 17).
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Table 17. Evening Systolic Blood Pressure Decline

Group A

Group B

Mean N
12.36 23

Std.
Deviation
10.925

Evening Decline Systolic Blood
Pressure (Poststressor).
Evening Decline Systolic Blood
Pressure (Prestressor).

16.21 23

14.412

18.93 24

16.484

Evening Decline Systolic Blood
Pressure (Poststressor).

5.98 24

9.555

Evening Decline Systolic Blood
Pressure (Prestressor)

Sig (2tailed)
.319

.005

The same analysis was computed to compare the pre and poststressor DBP evening
decline and found that there were no significant differences in either group: Group A (m = -217,
sd = 13.583) (t[22] = -.077, p = .940) and Group B (m = 4.667, sd = 13.539) (t[23] = 1.689, p =
.105) (Table 18).

Table 18. Evening Diastolic Blood Pressure Decline

Group A

Group B

Mean N
17.30 23

Std.
Deviation
7.793

Evening Decline Diastolic Blood
Pressure (Poststressor)
Evening Decline Diastolic Blood
Pressure (Prestressor)

17.51 23

9.655

18.38 24

10.480

Evening Decline Diastolic Blood
Pressure (Poststressor)

13.71 24

10.946

Evening Decline Diastolic Blood
Pressure (Prestressor).
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Sig. (2tailed)
.940

.105

Research Question 2
Which factors (individual differences, anxiety/perceived stress, or level of fitness) play
the most significant role in a soldier’s cardiovascular response under a simulated combat
stressor?
Correlational statistics were conducted to assess the relationship between the participants’
characteristics and the various cardiovascular measures. Due the sample size, a multiple
regression analysis could not be computed to determine the extent of those relationships. For age,
BMI, waist circumference, APFT scores, and anxiety scores, a Pearson’s correlation coefficient
was used. In regard to gender, race, ethnicity, family history of hypertension, deployment
history, and perceived stress, the variables were coded dichotomously so that a Spearman rho
correlation coefficient could be run. All pre, during, and poststressor correlations are noted in
Tables 19, 20, and 21, and data are discussed individually in the succeeding paragraphs.
Variables that showed significant correlation (p <.05) are noted by an asterisk.
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Table 19. Relationship between Characteristics and “Prestressor” Cardiovascular Measures
A.M.
surge
SBP

A.M.
surge
DBP

Mean
(waking)
SBP

Mean
(waking)
DBP

Mean
(waking)
MAP

Mean
(waking)
Pulse
Rate

Mean
(sleeping)
SBP

Mean
(sleeping)
DBP

Mean
(sleeping)
MAP

Mean
(sleeping)
Pulse
Rate

P.M.
Decline

Individual Differences
Gender
(Female)
Age
Race
(Caucasian)
Race (Afr.
Amer.)
Race (Asian)
Race (Other)
Ethnicity
(Hisp.)
BMI
Waist
Circumference
Family History
of HTN
History of
Previous
Deployment

-.054

-.127

-.065

-.113

-.148

.440*

.136

.216

.196

.345*

-.128

-.140
.041

-.048
.170

-.054
-.115

-.048
-029

-.028
.020

-.033
-.181

-.199
-.343*

.175
-.318

.161
-.400

-.053
-.140

-.138
.077

-.038

-.177

-.189

.042

.360*

.408*

.395*

.108

-.181

-.192 -.345*
.140
.171
.016

.088
.201
.020

.128
.225
.010

.103
.192
.071

.141
.175
.028

.203
.058
.027

.057
.028
-.105

.017
-.102
-.092

.141
-.061
-.116

.132
-.114
.115

.006
.213
.069

.073
.272*

.163
.355*

-.051
.025

.110
.130

.019
.082

-.238
-.219

.047
-.208

.201
-.157

.146
-.175

.009
-.020

-.093
.120

-.042

.041

.178

.143

.167

.234

-.007

-.100

.-.036

.134

.160

.132

-.024

.028

-.097

-.060

-.030

.071

.094

.106

-.008

-.133

.038
.018
-.151

.156
.111
-.034

.147
.121
.000

.138
.188
.171

-.201
-.147
-.108

Perceived Stress and Anxiety
State Anxiety
Trait Anxiety
Perceived
Stress (before
the stressor)

.035
-.047
.076

-.004
-.067
.002

-.123
-.081
-.176

-.029
-.137
.061

-.020
-.082
-.028

-.045
.080
.122

Perceived Stress and Anxiety
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Perceived
Stress (during
the stressor)
Perceived
Stress (after
the stressor)

A.M.
surge
SBP

A.M.
surge
DBP

Mean
(waking)
SBP

Mean
(waking)
DBP

Mean
(waking)
MAP

Mean
(sleeping)
SBP

Mean
(sleeping)
DBP

Mean
(sleeping)
MAP

.150

Mean
(waking)
Pulse
Rate
.111

.036

-.032

.158

.111

.090

.005

.053

.010

-.102

-.310*

-.142

-.086

.006

-.208

-.095

-.174

Mean
P.M.
(sleeping) Decline
Pulse
Rate
.207
.183

.023

-.261

Level of Fitness
APFT Total
Score
APFT Run
Score

-.119

-.147

.143

-.006

.151

-.243

.124

.048

.013

-.397*

.132

-.005

-.096

.255

-.086

.204

-.097

.249

.135

.124

-.286*

.147
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Table 20. Relationship Between Characteristics and “During Stressor” Cardiovascular Measures
Mean SBP
(during
stressor

Mean DBP
(during
stressor)

Mean MAP
(during
stressor)

Mean Pulse
Rate (during
stressor)

Poststressor
SBP
Recovery

Individual Differences
Gender (Female)
Age
Race (Caucasian)
Race (Afr. Amer.)
Race (Asian)
Race (Other)
Ethnicity
BMI
Waist
Circumference
Family History of
HTN
History of
Previous
Deployment

-.192
.296*
.248
-219
-.079
-.050
.012
.343*
.397*

-.189
.343*
.319*
-264
-.217
.087
.180
.294*
.387*

-.169
.371*
.347*
-.252
-.214
-.036
.050
.323*
.399*

.300*
.050
.162
-.161
-.120
.129
.368*
.147*
.030

.252
.182
.289
-.385*
-.091
.058
-.050
.099
.159

-.222

.025

-.201

.079

-.295

-.066

-.132

-.253

.196

.221

Perceived Stress and Anxiety
State Anxiety
Trait Anxiety
Perceived Stress
(before the
stressor)
Perceived Stress
(during the
stressor)
Perceived Stress
(after the stressor)

-.141
-.094
-.185

-.178
.080
-.262

-.158
-.093
-.259

-.042
.026
-.046

-.104
-.378*
.018

-.042

-.206

.-.140

-.087

.091

-.136

-.164

-.137

-.214

-.028

.101
.062

-.217
-.101

-.001
-.013

Level of Fitness
APFT Total Score
APFT Run Score

.102
.036

.107
.093

80

Table 21. Relationship between Characteristics and “Poststressor” Cardiovascular Measures
A.M.
surge
SBP

A.M.
surge
DBP

Mean
(waking)
SBP

Mean
(waking)
DBP

Mean
(waking)
MAP

Mean
(waking)
Pulse
Rate

Mean
(sleeping)
SBP

Mean
(sleeping)
DBP

Mean
(sleeping)
MAP

Mean
(sleeping)
Pulse
Rate

P.M.
Decline

Individual Differences
Gender
(Female)
Age
Race
(Caucasian)
Race (Afr.
Amer.)
Race (Asian)
Race (Other)
Ethnicity
(Hisp.)
BMI
Waist
Circumference
Family
History
of HTN
History of
Previous
Deployment

.075

.174

-.091

-.174

-.097

-.019

-.168

-.168

-.168

.374*

.003

.376*
-.077

.301*
-.137

-.086
-.125

-.020
.076

-.063
-.136

.179
.038

.107
-.157

.141
-.126

.168
-.168

.112
.172

-.126
-.069

.043

.147

.110

.019

.129

.022

.079

.183

.183

.228

.077

.118
-.119
-.313

.042
-.035
-.175

.146
-.200
.063

-.042
-.204
-.067

.141
-.204
-.077

-.032
-.113
.320*

.127
030
.137

.26
-.141
.016

.064
-.081
.050

-.056
.064
.201

.096
-.187
-.002

.339*
.151

.335*
.189

-.109
-.109

-.017
-.008

-.158
-.164

.207
.064

-.121
-.025

.015
.124

.017
.133

-.025
.035

-.079
-.135

-.131

.067

-.006

-.017

-.046

.213

.243

.008

.174

.253

.302*

-.143

-.107

.371*

.128

.357*

.086

.207

.128

.128

.168

-.033

-.274*
.063
-.165

-.257
.034
-.167

-.250
.115
-.160

-.030
.109
-.039

.403
.112
.004

Perceived Stress and Anxiety
State Anxiety
Trait Anxiety
Perceived
Stress (before
the stressor)

-.053
.074
-.072

-.052
.139
.124

.260
.136
-.074

.233
-.040
-.177

.296
.132
-.202

.073
.003
-.056
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A.M.
surge
SBP

A.M.
surge
DBP

Mean
(waking)
SBP

Mean
(waking)
DBP

Mean
(waking)
MAP

Mean
(waking)
Pulse
Rate

Mean
(sleeping)
SBP

Mean
(sleeping)
DBP

Mean
(sleeping)
MAP

Mean
(sleeping)
Pulse
Rate

P.M.
Decline

Perceived Stress and Anxiety
Perceived
Stress (during
the stressor)
Perceived
Stress (after
the stressor)

.322*

-.209

-.095

-.040

-.046

-.025

-.097

-.101

-.091

-.027

-.015

-.151

.037

-.183

-.107

-.041

-.207

-.177

-.236

-.216

-.078

-.044

Level of Fitness
APFT Total
Score
APFT Run
Score

-.080

.057

-.199

.136

-.127

.001

.065

-.174

.103

-.505*

-.202

.019

.081

-215

.082

-.133

.046

.240

-.068

.022

-.374*

-.287
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Individual Differences
Age, Body Mass Index, and Waist Circumference
A Pearson correlation coefficient was computed to assess the relationship between age,
BMI, and waist circumference with the various cardiovascular measures. Analysis showed a
positive relationship between age (r = .296, p = .037), BMI (r = .343, p = .018), and waist
circumference (r =.397, p = .004) with the mean systolic blood pressure during the stressor.
There was also a positive relationship between age (r=.343, p = .016), BMI (r =.294, p = .047),
and waist circumference (r =.387, p = .006) with the mean diastolic blood pressure during the
stressor. Poststressor systolic and diastolic morning blood pressure surges were positively
correlated with age (r = .376, p = .007 and r = .301, p = .003, respectively) and BMI (r = .339, p
=.021 and .335, p = .023). However, prestressor systolic and diastolic morning blood pressure
surges were only positively correlated with waist circumference (r = .272, p = .044 and r = .355,
p = .008) (Tables 19, 20, and 21).

Gender
A Spearman rho correlation was conducted to assess the relationship between gender and
the cardiovascular measures. Analysis showed a consistent positive relationship between the
female gender and waking pulse rate prestressor (r =.440, p = .001), sleeping pulse rate
prestressor (r = .345, p = .009), pulse rate during the stressor (r =.300, p = .035), and sleeping
pulse rate poststressor (r= .374, p = .005). When further analyzed using an independent samples
t-test, females consistently had higher pulse rates than males in their waking pulse rate
prestressor (77.66 vs. 65.73) (t[54] = -3.311, p = .002), sleeping pulse rate prestressor (63.37 vs.
56.37) (t[55] = -2.438, p = .018), pulse rate during the stressor (79.21 vs. 66.38 ) (t[48] = -2.110,
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p = .040), and sleeping pulse rate poststressor (62.46 vs. 55.54) (t[53] = - 2.452 , p = .018)
(Tables 19, 20, and 21).

Race
In regard to race, variables were coded so that each race was compared individually
against the rest of the sample. A Spearman rho correlation coefficient was used to assess the
relationship between each race and the various cardiovascular measures. Caucasians and
African-Americans were the only groups that showed significant relationships.
There was a positive relationship between Caucasians and diastolic blood pressure during
the stressor (r = .319, p = .026) as well as mean arterial pressure during the stressor (r =.347. p =
.014). African-Americans, on the other hand, showed a negative relationship to diastolic blood
pressure morning surge before the stressor (r = .345, p = .010) and systolic blood pressure
recovery immediately after the stressor (r = -.385, p = .030). Interestingly, there was an inverse
relation between Caucasians and African-Americans in regard to the sleeping measures during
the prestressor period. Caucasians had a negative relationship sleeping systolic blood prestressor
(r = -.343, p = .009), sleeping diastolic blood pressure prestressor (r = -.318, p = .016), and
sleeping mean arterial pressure prestressor (r = -.400, p = .002), whereas African-Americans had
a positive relationship with sleeping systolic blood prestressor (r = .360, p = .006), sleeping
diastolic blood pressure prestressor (r = .408, p = .002), and sleeping mean arterial pressure
prestressor (r = .395, p = .002) (Tables 19, 20, and 21).

Ethnicity
A Spearman rho correlation coefficient was computed and found a positive relationship
between Hispanics and pulse rates during stressor (r = .368, p = .009), during recovery (r = .553,
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p = .001), and after the stressor (r =.320, p = .019). An independent samples t-test further showed
that those of Hispanic descent had a significantly higher pulse during the stressor (79.63 vs.
64.74) (t[48] = 2.794, p = .007), during recovery (85.55 vs. 67.35) (t[33] = 2.932, p = .006), and
after the stressor (72.38 vs. 64.06) (t[51] = 2.454, p = .018) when compared to non-Hispanics.
Analyses also showed that there was a negative relationship between Hispanics and morning
systolic blood pressure surge poststressor (r = -.313, p = .027) when compared to non-Hispanics
(3.70 vs. 14.39) (t[48] -2.269, p = .028) (Tables 19, 20, and 21).

Family History
A Spearman rho correlation coefficient was used to assess the relationship between
family history of hypertension and the various cardiovascular measures, which found no
significant relationship with any of the measures before, during, or after the stressor.

History of Previous Deployment
A Spearman rho correlation coefficient was conducted to assess the relationship between
those who had a deployment history and the various cardiovascular measures, and found a
significant relationship with waking systolic blood pressure after the stressor (r = .371, p = .006).
Further analysis using an independent samples t-test showed that those with a deployment
history had a higher waking systolic blood pressures after the stressor (131.72 vs. 106.34) (t[51]
= 3.588, p= .001) when compared to those who have never deployed. Higher evening systolic
blood pressure decline after the stressor also correlated with history of previous deployment (r =
.302, p = .031). Further analysis showed that those with a deployment history had a greater
systolic blood pressure decline (31.05 vs. 9.90) (t[49] = 2.607, p = .012) when compared to those
who have never deployed (Tables 19, 20, and 21).
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Perceived Stress and Anxiety
Perceived Stress
To help validate the Likert-type Paintball Perceived Stress questionnaire, state and trait
anxiety scores were correlated with the perceived stress scores. A Spearman correlation
coefficient was conducted and found a positive relationship between trait anxiety and perceived
stress levels before (r = .312, p =.018) and after (r = .379, p =.004) the paintball exercise. State
anxiety positively correlated with perceived stress during the exercise (r = .450, p = .000). This
showed that the Paintball Perceived Stress questionnaire was capable of measuring the same
transitory and general level of psychological stress as the State-Trait Anxiety Inventory (Table
22).

Table 22. Relationship between STAI Scores and Paintball Perceived Stress Scores
Perceived Stress
Prestressor

Perceived Stress
During Stressor

Perceived Stress
Poststressor

Trait Anxiety Score

.312*

-.080

.379*

State Anxiety Score

.235

.450*

.129

State and Trait Anxiety
An independent samples t-test was conducted to assess the state and trait anxiety scores
for both groups. The results showed that there was no significant difference with Group A having
a mean trait anxiety score of 33.72 (sd = 7.294) and Group B having a mean score of 33.43 (sd =
6.989) (t[55] = .156, p = .877). As for state anxiety, Group A had a mean score of 35.57 and
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Group B had a mean score of 40.33, once again showing no significant difference (t[58] = 1.640, p = .106) (Table 23).

Table 23. State-Trait Anxiety Scores by Group
Mean
Trait Anxiety (STAI Form Y-2)
Group A
Group B
State Anxiety (STAI Form Y-1)
Group A
Group B

Std. Deviation

Min-Max

33.72
33.43

7.294
6.989

24-52
21-54

35.57
40.33

11.967
10.492

22-62
23-69

t
.156

p
(two-tailed)
.877

-1.649

.106

A Pearson’s correlation coefficient was conducted and found that higher state anxiety
positively correlated with systolic blood pressure after the stressor (r = .403, p= .003) and
diastolic blood pressure evening decline (r =.365, p= .008). As for trait anxiety, there was a
negative relationship correlation with the systolic blood pressure recovery (r = -.378, p= .039). In
other words, the higher the trait anxiety, the smaller the variance between the systolic blood
pressure during the stressor and the recovery systolic blood pressure (Tables 19, 20, and 21).
State and trait anxiety scores were also assessed between genders using an independent
samples t-test and found that females had a significantly higher mean state anxiety score (m
=46.17, sd = 14.409) when compared to males (m = 35.90, sd = 9.665) (t[58] = -2.967, p = .004)
(Table 24). Although not statistically significant, females also had a higher mean trait anxiety
score (m = 36.91, sd = 10.084) when compared to males (m = 32.78, sd = 6.040) (t[55] = -1.768,
p = .083) (Table 24).
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Table 24. State-Trait Anxiety Scores by Gender
Mean

Std. Deviation

Min-Max

Trait Anxiety (STAI Form Y-2)
Males
Females

32.78
36.91

6.040
10.084

21-52
23-54

State Anxiety (STAI Form Y-1)
Males
Females

35.90
46.17

9.665
14.409

20-58
28-68

t

p
(two-tailed)

-1.768

.083

-2.967

.004*

Perceived Stress
The Paintball Perceived Stress Questionnaire was used to determine the participants’
level of perceived stress before, during, and after the exercise. An independent samples t-test was
conducted to assess if there was a difference between both groups and found that both groups
scored similarly before (t[58] = -1.341, p = .185) and after (t[58] = -.402, p = .689) the stressor.
However, Group B, who was not exposed to the combat exercise and only exposed to a weapon
familiarization exercise, actually had a significantly higher perceived stress score during the
stressor (6.20 vs. 4.93) than Group A (t[58] = -2.379, p = .021) (Table 25).
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Table 25. Perceived Stress Scores by Group
Mean
Perceived Stress Before Stressor
Group A
Group B
Perceived Stress During Stressor
Group A
Group B
Perceived Stress After
Stressor
Group A
Group B

Std
Deviation

2.23
2.97

1.870
2.341

4.93
6.20

2.318
1.769

1.70
1.90

1.745
2.090

MinMax

t

P (twotailed)

1.341

.185

2.379

.021*

-.402

.689

0-7
0-8
0-8
3-10
0-5
0-7

A Spearman correlation rho correlation coefficient was conducted and found that there
was a negative relationship between perceived stress level during the combat exercise and
poststressor systolic blood pressure morning surge (r = -.322, p= .023). The analysis also showed
that perceived stress level during the stressor negatively correlated with systolic blood pressure
recovery (r = -.445, p = 012), which again showed that the higher the anxiety or perceived stress
during the exercise, the smaller the variance between the systolic blood pressure during the
stressor and the recovery systolic blood pressure (Tables 19, 20, and 21).
Perceived stress scores were also assessed between genders using an independent
samples t-test. Females consistently had higher perceived stress scores when compared to males
before the stressor (3.33 versus 2.24, respectively), during the stressor (6.33 versus 5.38,
respectively), and after the stressor (1.92 versus 1.77, respectively). Only the during stressor
measures were statistically significant (t[60] = -2.432, p = .022) (Table 26).
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Table 26. Perceived Stress Scores by Gender
Mean Std Deviation Min-Max

t

p
(two-tailed)

Perceive Stress Before Stressor
Males

2.42

2.061

0-8

Females

3.33

2.348

0-7

Perceive Stress During Stressor
Males

5.38

2.237

0-10

Females

6.33

1.557

3-9

Perceive Stress After Stressor
Males

1.77

1.992

0-7

Females

1.92

1.621

0-5

-1.341

.185

-2.432

.022*

-.234

.815

Level of Fitness
Army Physical Fitness Test
Finally, the participants’ level of fitness was determined by the total score of their most
recent APFT. Cardio-respiratory fitness was determined by the APFT run score. A Pearson
correlation coefficient was conducted to assess the relationship between APFT scores and
cardiovascular response, which found that a high APFT total score and high APFT run score
negatively correlated pulse rates during the sleeping hours both prestressor (r = -.397, p = .004
and -.047, p = .047) and poststressor (r = -.505, p = .000 and -.377, p = .008) (Tables 19, 20, and
21).
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Retrospective Power Analysis
After all data were analyzed, a retrospective power analysis was conducted to assess the
observed power for each of the variables. Due to the unanticipated splitting of the sample into
two groups, statistical power was lowered in all of the variables with the exception of five:
recovery pulse rate (.872, p = .003), poststressor waking systolic blood pressure (.766, p = .009),
poststressor pulse rate (.642, p= .022), poststressor waking mean arterial pressure (.521, p =
045), and poststressor evening systolic blood pressure decline (.593, p= 030) (Table 27).
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Table 27. Retrospective Power Analysis
Variable

Observed
Power

Prestressor Measures
(waking) SBP
(waking) DBP
(waking) PR
(waking) MAP
(sleeping) SBP
(sleeping) DBP
(sleeping) PR
(sleeping) MAP
Morning SBP surge
Morning DBP surge
Evening SBP decline
Evening DBP decline
During Stressor Measures
SBP
DBP
PR
MAP
# of mm Hg SBP dec.
Recovery Measures
SBP
DBP
PR
MAP
Poststressor Measures
(waking) SBP
(waking) DBP
(waking) PR
(waking) MAP
(sleeping) SBP
(sleeping) DBP
(sleeping) PR
(sleeping) MAP
Morning SBP surge
Morning DBP surge
Evening SBP decline
Evening DBP decline

Sig

Partial
eta
squared

Group
A
(mean)

n

Group B
(mean)

n

.381
.215
.072
.292
.051
.083
.051
.051
.052
.254
.334
.176

.098
.239
.659
.157
.935
.593
.946
.921
.901
.193
.125
.303

.050
.026
.004
.037
.000
.005
.000
.000
.000
.032
.046
.021

108.85
69.93
67.57
87.01
97.62
62.81
57.80
72.39
18.41
11.65
12.46
8.09

28
28
28
28
28
28
28
28
28
28
26
26

115.44
72.83
69.00
87.01
97.45
61.91
57.64
72.59
17.83
17.09
18.52
11.25

28
28
28
28
29
29
29
29
27
27
27
27

.058
.075
.231
.061
.281

.791
.639
.219
.753
.165

.001
.005
.031
.002
.063

111.6
80.23
73.00
85.74
10.93

22
21
21
21
14

112.99
78.22
66.46
87.15
24.50

28
28
29
28
18

.444
.139
.872
.138

.070
.379
.003*
.383

.096
.024
.003
.023

111.53
74.09
79.88
88.47

17
17
17
17

105.67
70.58
64.81
84.31

18
18
18
18

.766
.199
.642
.521
.152
.173
.369
.117
.094
.097
.593
.111

.009*
.263
.022*
.045*
0.35
.308
.104
.446
.533
.522
.030*
.465

.128
.025
.099
.076
.016
.020
.049
.011
.008
.009
093
.001

113.76
69.59
69.88
85.22
96.98
62.32
59.00
72.16
12.92
10.37
16.42
7.56

26
26
26
26
28
28
28
28
26
26
26
26

102.98
66.54
62.77
77.43
94.91
60.70
55.03
70.81
10.2
7.90
6.50
5.28

27
27
27
27
27
27
27
27
24
24
25
25
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Summary
Numerous analyses were computed using one-way ANOVAs and Pearson and Spearman
rho correlation coefficients, as well as independent and paired sample t-tests. Although a
retrospective power analysis showed that the unanticipated splitting of the sample into two
separate groups lowered statistical power, findings showed that age, female gender, AfricanAmerican descent, BMI, waist circumference, previous deployment history, level of fitness, and
the psychological stress state during a stressor played significant roles in the cardiovascular
response before, during, and after a stressor. These findings are discussed individually in Chapter
5. A retrospective power analysis found that splitting the sample into two groups reduced the
power for the various cardiovascular measures with the exception of recovery pulse rate,
poststressor waking systolic blood pressure, poststressor waking pulse rate, poststressor waking
mean arterial pressure, and poststressor evening systolic blood pressure decline.
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CHAPTER FIVE: DISCUSSION
The results of this study point to seven key elements that have been consistently
associated with cardiovascular health. These are:
1. Systolic blood variability
2. The residual effects of the stress response
3. Special consideration to the female population
4. The inevitable impact of age
5. The increased risk in the African American population
6. Waist circumference over BMI
7. The importance of cardiorespiratory fitness

Research Question 1a-1f
Research questions 1a-1f addressed changes that occurred in systolic/diastolic blood
pressures and mean arterial pressure before, during, and after the stressor. Of these indices,
systolic blood pressure had the most significant response, showing the highest variability in the
various stages.

Systolic Blood Pressure versus Diastolic Blood Pressure
When comparing systolic and diastolic blood pressure of both groups after the stressor
and regardless of the stressor, the difference in systolic blood pressure between the groups was
10.78 mm Hg, whereas the diastolic blood pressure difference was only 3.05 mm Hg. Of all of
the cardiovascular measures, systolic blood pressure appeared to be the most dynamic and
consistent measure for demonstrating the effect of the stress response. In 1977, guidelines to
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detect and treat high blood pressure were based solely on diastolic blood pressure readings since
it was found that arteries thicken over time, in turn causing a decrease in vessel elasticity (Tin,
Beevers, & Lip, 2002). It was not until 1993 that systolic blood pressure was incorporated into
staging of blood pressure, when isolated systolic hypertension posed a strong and independent
risk for cardiovascular mortality (Tin et al, 2002). When comparing theses two measures,
systolic blood pressure consistently tends to rise throughout the lifespan, in contrast to diastolic
blood pressure, which rises until about age 50 then levels off (DH&HS, 2004; Burt, Whelton,
Roccella, Brown, Cutler, Higgins et al., 1995). Closer attention now is given to systolic blood
pressure because it was found that poor systolic blood pressure control was mainly responsible
for the low rates of overall blood pressure control (DH&HS, 2004). Since diastolic blood
pressure represents the pressure within the vessels when the ventricles are at rest, fluid volume
within the vessels, and not the stress response, may be the main reason for its variation. Systolic
blood pressure, on the other hand, is more sensitive to the influences of the sympathetic nervous
system and should be monitored more closely. For every mmHg that the blood pressure rises, an
additional 0.02– 0.03 mm of carotid artery thickness develops (Kamarck, Everson, Kaplan,
Manuck, Jennings, Salonen, et al., 1997; Forcier, Stroud, & Papandonatos, 2006). This increase
in thickness in turn creates more pressure in vessels, causing a high blood pressure cyclic effect.

Residual Effects of the Stress Response
In this study, both groups were exposed to some form of a stressor. Group A was exposed
only to an intense physical stressor while Group B was exposed to a psychological stressor one
day and a less intense physical stressor the next day. Regardless of the intensity or duration of
the stressor, there were some residual effects on the cardiovascular system even hours after the
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stressor ceased. When comparing the number of mm Hg that the systolic blood pressure dropped
one hour after the physical stressor had ceased, participants in Group B, who were exposed to a
less intense stressor, had a mean systolic blood pressure that dropped 21.50 mm Hg, while Group
A only dropped 10.93 mm Hg. This residual effect could still be seen several hours later where
Group A, who had the longer and more intense stressor, had a mean blood pressure that remained
9% higher than Group B. Most studies assessing cardiovascular recovery have focused on the
first five to 10 minutes poststressor. This process may provide good information regarding
cardiovascular conditioning; however, when assessing the residual effects of the stress response,
at least 40 to 45 minutes may be necessary (Steptoe, 2006). Another influencing factor on
systolic blood pressure recovery was the participant’s Trait Anxiety score. Higher trait anxiety
scores were negatively associated (-.378, = p <.05) with systolic blood pressure recovery (Table
20). In other words, those who considered themselves more anxious most of the time continued
to have higher blood pressures, even an hour after the stressor ceased, than those who consider
themselves less anxious most of the time.
When comparing pre and poststressor morning blood pressure surge and evening blood
pressure decline, Group B showed the most significant difference (Tables 16 and 17). Further
assessment showed that a psychological stressor, such as land navigation, was enough to elicit a
stress response comparable to the intense physical stressor of paintball. When both stressors were
further assessed, it was found that land navigation was a solo task performance whereas paintball
was a group task performance. The psychological stress of performing a combat task alone,
although not physically challenging, may in fact be just as stressful as an intense physical combat
performance in group.
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In regard to the blood pressure decrease during sleeping hours, pre and poststressor
evening blood pressures were compared and found that stress exposure elicited a greater blood
pressure decline; however, this factor is most likely attributed to the wide range that the blood
pressure fluctuated between baseline and stress measures. Small residual effects were also seen
in the mornings following the two different stressors. When assessing the number of mm Hg the
blood pressure rose the morning following the stressor, a difference was noted between the
stressed and non-stressed group during paintball (12.62 mm Hg SBP/9.65 mm Hg DBP vs. 10.96
mm Hg SPB/8.31 mm Hg DBP), as well as the stressed and non-stressed group and land
navigation exercise (20.10 mm Hg SBP/17.62 mm Hg DBP vs. 18.55 mm Hg SBP/12.60 mm Hg
DBP). Although these were small differences, attention is still warranted to the morning blood
pressure measures since catecholamine levels as well as the renin-angiotensis–aldosterone
system follow a similar circadian pattern (Patel, Wong, & Arora, 2008). As discussed earlier,
these factors greatly contribute to blood pressure. When these factors are combined with the
increased platelet aggregation and increased vascular spasm, particularly between the hours of
six a.m. and noon, this makes the cardiovascular system more vulnerable to such things as a
myocardial infarction (Kario et al, 2003).
Although this residual effect on the cardiovascular system may be attributed to the trisystem network of the neurological, endocrine, and renal mechanisms that were activated
through an external force such as a stressor, it may be the internal forces (e.g., anxiety, perceived
stress, etc.) that have a bigger influence on how long the effect remains. In this study, state
anxiety positively correlated with the mean waking arterial pressure after the stressor (Table 21),
while trait anxiety negatively correlated with the number of mm Hg the systolic blood pressure
fell after the stressor had ceased (Table 20). Hence, the higher the current state of anxiety, the
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higher the pressure remained after the stressor ceased, and the higher general state of anxiety, the
less the blood pressure dropped when the stressor ceased.
Since anxiety and perceived stress may play a vital role in one’s cardiovascular response
to stress, there may be a way to condition the effect so that the response is less dramatic when the
stressor occurs again. Like interval training has the ability to condition the heart, psychological
conditioning may serve as a protective factor to the stress response. According to Murray (2004),
psychological conditioning is the process of training one “how to think,” even in the midst of
adverse stimuli. This intentional thought process has been found to have an outward effect on the
body.
In a study comparing Army Infantry soldiers with psychologically conditioned Special
Forces soldiers, it was found that Special Forces soldiers were able to recover, physically and
psychologically, faster than Infantry soldiers after being exposed to an extreme stressor (Morgan,
Wang, Rasmusson, Hazlett, Anderson, & Charney, 2001). Although both groups were identical
at baseline, after 24 hours of survival training, the neuropeptide Y (an amino acid which helps
regulate BP, appetite, and memory, and helps control anxiety) levels remained significantly
below normal in the Infantry soldiers but returned to normal levels in the Special Forces soldiers
(Morgan et al, 2001). Rather than producing an Allostatic Load, the intermittent high stress
psychological exposure that the Special Forces soldiers were accustomed to in their training
served as a psychological protective mechanism, containing biochemical results that affected BP
(Morgan et al, 2001).
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Research Question 2
Special Attention to Females
Over the years, more attention has been given to cardiovascular research in the female
population. However, in the military, this population is under researched. In this study, females
had a statically significant higher mean pulse rate before, during, and after the stressor when
compared to males. At closer glance, this may have been attributed to their higher state anxiety
score (46.17 vs. 35.90), higher trait anxiety scores (36.91 vs. 32.78), and higher perceived stress
scores before (3.33 vs. 2.42), during (6.33 vs. 5.38), and after (1.92 vs. 1.77) the stressor.
Of all of these psychological measures, the most statistically significant findings was
female higher state anxiety score (46.17 vs. 35.90, p = .004) regardless of the intensity or
duration of the stressor. It is unclear if the females were nervous about the paintball exposure,
which is similar to the competitive video games that are often marketed to and played by more
males (Anderson & Dill, 2000). Another possibility could be the social conditioning differences
in how anxiety and perceived stress are interpreted and expressed in the military environment.
Females within the military may have to contend with more work-related issues than their
civilian counterparts: Not only do female soldiers have to contend with things most civilian
women battle, such as sexual harassment, job satisfaction, job performance, and pregnancies, but
they also have the challenge of strength being mismatched to equipment use and job tasks,
poorly designed equipment that does not conform to female anthropometrics and physiology, and
gynecologic self-care issues in austere conditions (United States Army Medical Research and
Material Command, 2010).
Although gender differences were not the focus of this study, there are other possible
biological factors that could have played a role in the females having higher pulse rates. For
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example, studies have shown that there is a significantly greater sympathetic activity during the
luteal phase of the menstrual cycle (Sato, Miyake, Akatu, & Kumashiro, 1995). It was found that
estrogen, which is higher in the follicular phase (day 1-14 of the menstrual cycle), increased the
release of the vasodilating substance nitric oxide, in turn causing a decrease in blood pressure
(Sudhir , Jennings, Funder, & Komesaroff, 1996). However, progesterone, which is higher in the
luteal phase (day 14-28 of the menstrual cycle), may be inhibiting the estrogen’s influence on the
autonomic nervous system, in turn causing higher blood pressure (Leicht, Hirning & Allen,
2003). Although the presence of testosterone has been associated with higher blood pressure, as
seen in adolescent/puberty studies and polycystic ovary syndrome studies, there was no
significant difference in blood pressure between the males and females in this study (Reckelhoff,
2001).

The Influence of Age
Although the participants in the study were fairly young (18-33 yrs), increased age
positively correlated with elevated blood pressure during the stressor, as well as in the morning
blood pressure surge poststressor. Since the during stressor measures and morning surge
measures are sympathetic driven, whereas evening decline and recovery measures are more
parasympathetic driven, this finding supports the theory of that increased age plays a role in
impaired vascular endothelial function, increased intima-media wall thickness, and peripheral
vasoconstriction, which in turn increases blood pressure even at rest (Seals, DeSouza, Donato, &
Tanaka, 2008). Aging has also been associated with decreased resting parasympathetic control
(Uchino, Holt-Lunstad, Bloor, & Campo, 2005). Although the influence of age on the
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cardiovascular system is not an immediate threat with this young group, continued stress
exposure (whether psychological or physical) may accelerate the aging effect.

Genetics and Environment
Regardless of the type of stress one is exposed to, it is the genetic and environmental
factors that determine the low or high responsivity to stress (Steptoe, 2000). Only 20 to 30
percent of the individual variation in systolic blood pressure is attributed to genes (Danziger,
2001). Although hypertension due to single gene abnormalities is rare, there are several genes
that have been identified. These include) 6A allele of the angiotensin gene, 825T allele of the
GNB3 gene, 47A and 79C alleles of the B2-adrenergic receptor gene, 946G allele of the
epithelial sodium channel subunit gene, and CYP345 allele of the CPY3A isozyme 5 gene
(Weder, 2007). In regard to the mechanisms in the stress response, genetic variations have been
found in the adrenergic receptors of the sympathetic nervous system. The b2-adrenergic receptor
was associated with Caucasians and African-Americans, whereas the a2-adrenergic receptor was
associated with Caucasians only (O'Byrne & Caulfield, 1998). Although 43% of the participants
reported a family history (mother and/or father) of hypertension, only one significant relationship
(systolic blood pressure decline poststressor) was found between a family history of hypertension
and the various cardiovascular measures.
In regard to ethnicity, Hispanics had higher pulse rates during the stressor, recovery
period, and several hours after the stressor ceased. This was difficult to associate with race for
many of the Hispanics in the sample found it difficult to choose between Caucasian and AfricanAmerican when asked to identify their race. In regard to race, there was an inverse relationship
between Caucasians and African-Americans in regard to the sleeping systolic and diastolic blood
101

pressures. Those of African-American descent positively correlated with higher mean sleeping
systolic (.360, p = <.05) and diastolic (.408, p <.05) blood pressures at baseline, which is
consistent with the literature. Although African-Americans represented only 17% of the sample,
this subset had the most adverse cardiovascular response to the stress response (elevated sleeping
blood pressure and low blood pressure recovery), as well as being the highest at-risk group for
hypertension according most research. Studies have found a sodium conservation allele and
ancestral variants among African-Americans living near the equator; however, regardless of the
latitude, this sensitivity was more prominent in modern culture societies (Weder, 2007). This
may pose difficulty for African-American soldiers who ingest the high salt, ready-made meals
that are often eaten during deployment. Although the genetic influence on cardiovascular
response has been substantiated, other factors such as environmental and social aspects must also
be taken into consideration.

Waist Circumference versus Body Mass Index
It is recommended that BMI and waist circumference be assessed in conjunction with one
another when determining cardiovascular risk. Body mass, which only addresses height and
weight, is divided into six sub categories (e.g., underweight, normal-weight, overweight, and
obese class I, II, and III) (CDC, 2009; NHLBI, 2010). Waist circumference, on the other hand, is
the measurement midway between the last rib and the iliac crest, and is classified into two
categories (e.g., normal or high), which gives a better description of the presence of body fat
(Janssen, Katzmarzy & Ross, 2002). If a BMI is equal to or greater than 25 kg/m2, waist
circumference should be less than 40 inches in males and less than 35 inches in females (NHLBI,
2010). Waist circumference did not appear to be an issue in the study, for only 4% of men had a
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waist circumference greater than 40 inches and only 8% of the females had a waist
circumference greater than 35 inches.
In this study, BMI and waist circumference positively correlated with elevated blood
pressure during the stressor. However, when pre and poststressor measures were assessed, BMI
positively correlated with the morning blood pressure surge after the stressor, whereas waist
circumference positively correlated with the morning blood pressure surge before the stressor.
No explanation can be given for this difference. The BMI measurement has been the gold
standard for quite some time; however, it may not be the best indicator in a young athletic
military population. Many soldiers weight train to carry the heavy loads often associated with
combat. This increased muscle mass may place the soldier in a higher BMI category, which
makes waist circumference a better indicator. A study showed that health risk was greater in
normal-weight, overweight, and class I obese women with high waist circumference when
compared to normal-weight, overweight, and class I obese women with normal waist
circumferences (Janssen et al, 2002). Furthermore, it has been found that abdominal (android)
obesity poses a greater cardiovascular risk than lower-body (gynoid) obesity, once again
showing that waist circumference may be a better indicator (Janssesn, 2002). The presence of
increased fat in general also has a direct relationship with blood pressure. Leptin, which is
secreted by the white adipocytes, acts on the hypothalamus, which decreases appetite and
increases sympathetic nerve activity and energy expenditure (Feldstein &Julius, 2009). Leptin
also adversely shifts the renal pressure natriuresis curve, leading to the relative sodium retention
and in turn increasing blood pressure (Feldstein et al, 2009).
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Cardiorespiratory Fitness
Cardiorespiratory fitness is based on three premises: frequency (how often), intensity
(how hard), and time (how long) (American College of Sports Medicine & American Heart
Association, 2007). The overall goal is to participate in a moderate-intensity aerobic physical
activity that will elevate and sustain the heart rate between 50% and 85% of the maximum heart
rate (AHA, 2010). Maximum heart rate is calculated by subtracting the age from 220. According
to the AHA and the American College of Sports Medicine (2007), adults between the ages of 18
and 65 should participate in moderate-intensity aerobic physical activity for a minimum of 30
minutes five days a week, or vigorous-intensity aerobic activity for a minimum of 20 minutes
three days a week.
In this study, higher APFT total and APFT run scores were negatively associated with the
waking and sleeping pulse rates both pre and poststressor. Over the years, studies have
continually shown that aerobic exercise plays a major role in the heart’s ability to pump blood
more efficiently throughout the body, in turn lowering the myocardial workload (McArdle,
Katch, & Katch, 1996). This high level of fitness also impacts one’s body fat composition, as
evidenced by the relationship between high APFT run scores and low waist circumference.
Although the APFT run scores were in the 78% range, this showed that even a moderate fitness
level was enough to have a healthy effect on pulse rate and waist circumference. In the military
setting, weight training is encouraged because it builds stronger bones and muscles. Weight
training helps soldiers meet the physical challenges that come with bearing heavy equipment
during combat; however, aerobic training is more essential to maintain cardiovascular health. In
a study of young sedentary nonsmoking normotensive adults, six weeks of aerobic exercise
lowered cardiovascular activity levels during rest, lowered psychological stress, and lowered
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recovery from stress more than weight training or no training at all (McArdle, Katch, & Katch,
1996).

Limitations
The study had several limitations. First, there was an inconsistency in the ability to obtain
blood pressure measures during the stressor. In order to obtain accurate measures, minimal
movement and proper arm placement of the mechanism are key. Although some valid readings
were obtained during the stressor, there was no guarantee that participants remained still with
their arms in the proper position. Heart rate variability would have been a better measure to
assess during the stressor, whereas blood pressure during a stressor is not as important as the
blood pressure obtained before and after the stressor. Heart rate variability could have been
obtained by the use of commercial sporting equipment capable of capturing and storing heart rate
data while participants were actively engaged in the activity. Second, mean calculations had to
be used since all participants did not have equal numbers of measures. Depending on the number
of measures each participant had for a given interval, mean calculations may or may not have
produced a true picture. For example, if participant A1 had three measures and participant B20
had eight measures, would these means truly represent that particular group of measures? Third,
due to an interruption in the combat training exercise, the exploratory study of a 60-person
sample turned into a quasi-experiment comparing two 30- person samples. This in turn lowered
the statistical power, which was validated using a retrospective power analysis (Table 27).
Although this study produced many significant correlations that have been supported by the
current literature, many of the correlations were weak, and stronger relationships may be noted
with a larger sample size. Fourth, there was a low representation of the highest risk group
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(African-American) for hypertension as well as a small representation of females. Finally,
although the STAI is a tested instrument, and the Paintball Perceived Stress Questionnaire was
validated by the STAI, there was no opportunity in the small data collection window to
administer both questionnaires twice in order to assess their internal validity.

Implications for Education
The goal of this study was to assess the cardiovascular response of soldiers under a
simulated combat stressor. Since this type of stressor over time may increase a soldier’s risk for
hypertension, prevention is one of the key educational concerns. The numerous Web sites and
presence of blood pressure machines in local supermarkets and drug stores make cardiovascular
knowledge, assessment, and control available to all. However, with all of these available
resources, hypertension still remains a problem. The fact that this disease has no symptoms and
people can still function in their daily lives makes identification less of a priority. To educate
participants on their cardiovascular health, each were given two comprehensive cardiovascular
reports, which contained user-friendly graphs and statistics regarding the condition of their
cardiovascular system (Appendices R and S). Prestressor and poststressor graphs were
superimposed so that participants were able to see the circadian rhythm of their blood pressure,
as well as what stress was capable of doing, in turn warranting the need for stress awareness and
stress reduction methods. Having this personalized information was believed to have made more
of an impact on the participants than stating statistics about the general population. Participants
were also provided a blood pressure fact sheet and tracking cards for their wallets as a subtle
reminder of the personal responsibility for their cardiovascular health (Appendix T).
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As for academia, the basics of proper blood pressure measurement, awareness of the
neuro-endocrine-urinary influence on blood pressure, and attention to diurnal changes are key to
a nursing student’s proper assessment of the cardiovascular system. Nursing students who have
clinical rotations in military-affiliated medical treatment facilities should understand the residual
effects of deployment stress and that many soldiers who have deployed in the past may show
exaggerated cardiovascular response and signs of stress even though no stressor is present.

Implications for Practice
This study provided information on the efficacy of using ABPMs when assessing
cardiovascular health. Most blood pressures are taken via a single assessment in an array of
different conditions and may vary from reading to reading. Currently, soldiers with normal blood
pressures are rechecked every two years (DH&HS, 2004), those with pre hypertension are
rechecked every year, those with stage 1 hypertension are rechecked within two months, and
those with stage 2 hypertension are rechecked in one month (DH&HS, 2004). An ABPM
assessment may be able to provide continuous measures for a more thorough analysis in a more
cost-effective way. In a study assessing the efficacy of clinical measures versus ambulatory
measures for proper control of hypertension, it was found that proper control was achieved in
8.3% of the clinical blood pressures (95% CI 4.8–11.8) and in 55.6% of the ABPM measures
(95% CI 49.3–61.9) (Rodriguez-Roca, Alonso-Moreno, Garcia-Jimenez, Hidalgo-Vega,
Llisterri-Caro, Barrios-Alonso, et al., 2006). Measures such as morning surge, evening decline,
and percentage of time the blood pressure remained in a particular range provide the necessary
information to not only identify risk, but to also distinguish the type of hypertension for proper
treatment. Just as annual mammograms and Pap smears are recommended, an annual ambulatory
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BP assessment should be considered in high-risk populations whether individuals are
symptomatic or not. This may provide quantitative measures of pertinent information to establish
a cardiovascular trend that can be followed in future assessments. The study also showed that it
was four times more expensive to use clinical blood pressures (€ 940 vs. € 238) to manage
patients with hypertension than it was to use ABPMs.
A second implication for practice is the use of alternative and natural methods to control
blood pressure. As stated in the introduction, it is estimated that $76.6 billion will be spent on
direct and indirect costs relating to hypertension in 2010. These costs are often attributed to
hospital visits and pharmaceuticals. However, these costs may be reduced by using less
expensive and more natural methods such as dietary supplements like vitamins C and E,
potassium, magnesium, Omega 3 fatty acids, Coenzyme Q10, L-Arginine, and Taurine; all in
which have been shown to have a positive effect on the cardiovascular system (Khosh, 2001).
Botanicals such as Arjuno Bark, Forskolin, Harwthorne, Olive Leaf, European Mistletoe,
Yarrow, Black Cumin Seed, Indian Snakeroot, and garlic have not only been shown to decrease
blood pressure, but also to decrease cholesterol levels (Khosh, 2001). There are even alternative
medical devices to lower blood pressure on the market, such as the RESPeRATE, which use the
principles of controlled breathing (found in yoga and meditation) to help lower blood pressure
and heart rate (Elliot, 2006). Physical activities such as yoga, Tai chi, Qi gong, progressive
muscle relaxation, and meditation, which are rarely seen as structured group practices in the
military setting, have all been shown to be instrumental in decreasing anxiety, depression, heart
rate, and blood pressure (Lee, Kim, & Moon, 2003; Tsai, Wang, Chan, Lin, Wang, Tomlinson, et
al., 2003; and Barnes, Davis, Murzynowski, & Treiber, 2004). Six weeks of acupuncture
treatment was found to significantly lower mean ambulatory blood pressures in a sample of 160
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older adults, wherein the effects actually ceased when the intervention was discontinued
(Flachskampf, Gallasch, Gefeller, Gan, Mao, Pfahlberg, et al., 2007). Even the use of sound
technology such as Hemi-Sync or Brain Sync, where two tones of different frequencies are sent
to the left and right ears to influence EEG activity, have been shown to influence mood, enhance
psychomotor performance, and promote relaxation (which decreases heart rate and blood
pressure), all important aspects of deployment health (Lane, Kasian, Owens, & March, 1998;
Brain Sync, 2010). These mind-body techniques and bio-field mechanisms would place health
promotion and prevention back into the hands of the patient, which has always been a key goal
of nursing.
The third and probably most important implication for practice in the military setting is
for clinicians to understand the medications used in treatment of post-traumatic stress disorder
(PTSD), which may mask hypertension. Although no participants in this study were diagnosed
with PTSD, the study showed that high anxiety could still possibly produce a residual stress
response well after a stressor ceased. However, this residual effect may be masked in soldiers
being pharmacologically treated for PTSD. Although most soldiers who are diagnosed with
PTSD are treated with counseling and psychotherapy, there are a few with symptoms severe
enough to warrant medication. Some of these medications fall into the anti-hypertensive group
(e.g., alpha adrenergic agonist and beta-blockers). Prazosin is an alpha adrengergic blocker that
has been used consistently in treating nightmare and sleep disturbances in PTSD patients
(Raskind, Peskind, Hoff, Hart, Holmes, Warren, et al., 2007). Propanolol, a beta blocker, is often
used to prevent PTSD-related psychophysiological arousal, which often comes when recalling
traumatic memories (National Center for PTSD, 2008). While medication used for PTSD may
reduce blood pressure, the question remains about what happens with the cardiovascular system
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when the soldiers are taken off this medication. Abrupt cessation of these drugs is
contraindicated; however, few if any studies have been conducted on this effect when given to
someone who was not hypertensive to begin with.

Implications for Research
In viewing the current state of military operations abroad, it can be assumed that military
deployments will continue. The physical and psychological stress of multiple deployments may
eventually affect soldiers who remain in the service. By assessing soldiers of varied deployment
histories, researchers may be able to assess if longer or shorter deployments, or low or high
frequency of deployment, have an effect on blood pressure.
A second implication for research is the use of paintball as a proxy for simulated combat
when conducting stress and physiologic studies in the combat setting. The use of paintball was
found to be a very appropriate stressor for the purpose of this study. Most stress studies often use
running on a treadmill, exposure to cold pressors, complicated manual dexterity activities, and
psychological stressors to assess the stress response. However, these are in no way similar to the
level of intensity that is encountered in combat. Paintball allowed for the participants to utilize
the same equipment that they would use in combat, achieve anaerobic states through sporadic
movement, actively participate in their environmental element, and engage in the psychological
stress of decision-making under pressure. Paintball also allowed for the true experience and
seriousness of being struck by a projectile, which is not often experienced when using the
traditional LASER tag combat training methods. More importantly, while research data are being
collected, pertinent training exercises can be conducted simultaneously, in turn saving money,
time, and resources.
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A third implication for research is the advancement of the cardiovascular components of
the Warfighter Physiologic Monitoring System (WPMS), which is currently being studied at the
U.S. Army Natick Soldier Systems Center in Massachusetts. This system is designed to collect
physiologic measures in combat such as motion detection, heart rate, respiratory rate, and water
intake (Hoyt, Reifman, Coster & Buller, 2002). All of these components are necessary for a
medic or commander to provide the appropriate assessment for needed interventions and to
assess likelihood of survival on the battlefield; however, heart rate may not provide the necessary
cardiovascular information to make a proper cardiovascular assessment. For example, if the
sensor notes that an infantry soldier has a heart rate heart rate of 175 beats per minute, this could
mean a variety of things: he is hemorrhaging or having a sympathetic nervous response, or his
sensor is picking up extra beats on movement. A better cardiovascular indicator is needed for the
WPMS. More research needs to be conducted on ways of obtaining more comprehensive
cardiovascular measures while in active motion.
The fourth and final implication for research is the need to conduct more biobehavioral
research in the cardiovascular realm. Instead of conducting research to find better and often more
expensive ways to treat hypertension, efforts should be made to better explain and predict the
relationships between individual differences, psychological differences, and health behaviors so
that individualized prevention models can be developed. Also, research should be conducted
using non-pharmacological approaches such as herbal supplements, yoga, Tai chi, Qi gong,
acupuncture, and/or Hemi-Sync/Brain Sync technology with cortisol, epinephrine, and/or
neuropeptide Y as physiologic measures.
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Implications for Military Health Policy
This study showed that even young soldiers with no deployment history had residual
cardiovascular effects after being exposed to a simulated combat stressor. The question now is to
what extent is this residual effect has on soldiers with multiple deployments. Currently the
deployment health assessment is comprised of a questionnaire and screening interview.
Cardiovascular measures may or may not be taken in the process. Soldiers are required to
complete the Pre Deployment Health Assessment Form (DD 2795) at least 30 days prior to
deployment (Deployment Health Clinical Center [DHCC], 2003). Upon their return, this process
is repeated using the Post Deployment Health Assessment Form (DD 2796) (DHCC, 2003). The
two forms then compared to see if there are any health changes or if there is a need for health
referral (DHCC, 2003). Once again, cardiovascular measures may or may not be taken. A third
assessment is completed 90 to 180 days after returning from deployment only if soldier has
deployed more than 30 days, to locations outside the continental U.S., or to locations without
permanent military treatment facilities (Government Accounting Office, 2009). This
reassessment is to determine the soldier’s mental and not physiologic status. There are many
opportunities within this cycle of assessment to conduct a cardiovascular evaluation. Currently
the only scheduled cardiovascular assessment for soldiers under age 40 is the single blood
pressure measure that is taken during the Period Health Assessment, which is conducted every
12 months (United States Department of Defense, 2006). The problem is that if a soldier is
deployed and misses his/her assessment window, it is not known when the next appointment will
be scheduled. A policy recommendation is to incorporate cardiovascular assessments during all
deployment health screenings. Since most cardiovascular changes secondary to stress will be
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seen after the stress exposure, postdeployment cardiovascular measures are essential. However,
without pre deployment measures to compare to, a proper assessment cannot be made.

Summary
This study evaluated the cardiovascular response of young soldiers under a simulated
combat stressor in order to assess which characteristics played the most significant role. A threeto four-hour simulated combat training exercise was enough to elicit a residual stress response
that could be seen well into the following morning. This study also showed that systolic blood
pressure is the most dynamic and informative of the cardiovascular measures when assessing the
stress response. Individual differences such as female gender, older age, African-American race,
Hispanic ethnicity, higher BMI, higher waist circumference, and past deployment history had
weak but significant relationships with various cardiovascular measures before, during, and after
the stressor. State and trait anxiety levels, as well as perceived stress, correlated with poststressor
measures only, with females scoring higher than males in all cases. Furthermore, level of fitness
played a role in resting pulse rate, but had no direct relationship to blood pressure. The
psychological stress of performing combat tasks alone, although not physically challenging, was
enough to elicit a stress response comparable to an intense physical stressor. If a three- to fourhour exposure to a stressor was enough to produce a residual effect, one can only imagine what
six to 12 months of deployment in an austere environment may produce. Pre, post, and six-month
postdeployment health assessments may not only help identify those at higher risk, but will
provide opportunities to instill methods to prevent this silent yet deadly disease.
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Study ID:_________

Device Serial # ___________

Gender:_________

Age: _______

Height (inches): _______

Weight (pounds): ________

Waist Circumference (inches): ________
Race
1) American Indian or Alaska Native
2) Asian
3) Black or African American
4) Native Hawaiian or Other Pacific Islander
5) White or Caucasian
6) Other (Specify):___________________
Ethnicity
1) Hispanic
2) Non-Hispanic

Family History of Hypertension (mother or father only)
1) Yes

2) No

APFT Score________

Date:__________
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Good morning, my name is MeLisa Gantt and I’m one of the PhD students from
the College of Nursing.
I’m here to ask for your support in a research study. As you know, we’ve all
experienced some type of stress. I can remember the stress that I had when I was a
junior in college like you. If we’re not careful stress can impact our health, especially our
cardiovascular system. As future leaders of soldiers who will be experiencing all types
of stress (ranging from family issues to being in combat), it is important for you to be
aware and understand how stress affects you. Your participation in the study will help to
provide information related to the cardiovascular response to stress, and may provide
evidence for the need of preventative cardiovascular measures for soldiers.
I have a unique opportunity for you to contribute the military health research
looking at stress and blood pressure.
During the Spring Semester, the ROTC battalion will be scheduling simulated
combat exercises. I would like to conduct research on cardiovascular response using
paintball during this scheduled time. This will not only be an opportunity to get out and
have fun, but it will also help you prepare for the big field exercise that you have
scheduled later in the spring. All that I ask is that you wear this small ambulatory blood
pressure device, the size of an iPod, for 48 continuous hours. This device will record
your blood pressure and pulse at different interval while you are awake and asleep.
Forty-eight hours is necessary because it allows me to observe what your blood
pressure is doing before, during and after stress.
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If you agree to participate, you will get a personalized state of the art report of
your cardiovascular health, a blood pressure information sheet and tracking from, and
lunch will be provided.
If you do not want to be a part of the study, you will participate in the normal
training exercise with the rest of the battalion. This will not be reflected in your grade,
nor with your current or future participation in ROTC or the military.
I have posted several flyers throughout the department along with signup sheets
containing my contact information if you have any questions.
I hope to hear from you soon and look forward to playing paintball with you.
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Name:______________________________________
Phone Number:________________________________
Date of Birth: ________________________________
Are you currently under a ROTC contract?

No _____

Yes _____

List all medications and/or supplements you are currently taking?
(include any “over the counter” medication)

Have you ever been diagnosed with any disease involving your cardiovascular system?
(example: high blood pressure, heart murmur, arteriosclerosis, etc.)
No _____

Yes _____

If yes, explain:

Would anything prohibit you from wearing an ambulatory blood pressure monitor for 48
continuous hours?

No _____

Yes _____

155

APPENDIX P: XTREME PAINTBALL WAIVER

156

157

158

APPENDIX Q: PARTICIPANT INSTRUCTION SHEET

159

160

161

162

163

APPENDIX R: TIBA MEDICAL AMBULO 2400 CARDIOVASCULAR REPORT 1

164

165

166

167

168

169

170

171

APPENDIX S: TIBA MEDICAL AMBULO 2400 CARDIOVASCULAR REPORT 2

172

173

174

175

APPENDIX T: AMERICAN HEART ASSOCIATION BLOOD PRESSURE
INSTRUCTIONS, TRACKER, AND WALLET CARD

176

177

178

APPENDIX U: DISSERTATION DEFENSE ANNOUNCEMENT

179

Announcing the Final Examination of LTC MeLisa A. Gantt for the degree of Doctor of Philosophy
Date: June 29, 2010
Time: 10:30 am
Room: UT 328
Dissertation Title: The Effect of Simulated Combat Exercises on Cardiovascular Response: An
Exploratory Study
Purpose: Hypertension (HTN) affects one in every three adults in the United States. Often associated
with the older population, this silent killer has emerged in an unsuspecting group, young military soldiers.
With the rapid succession of multiple deployments, long intervals between blood pressure (BP)
assessments, and the absence of cardiovascular (CV) measures during the pre and post deployment health
screenings; soldiers may be at higher risk for HTN than their civilian counterparts of the same age. The
purpose of this study was to explore real-time continuous CV measures of soldiers before, during, and
after exposure to a simulated combat stressor as well as to assess which personal characteristics played a
significant role.
Methods: Applying the Allostasis/Allostatic Load theoretical framework, a repeated measure quasiexperimental design was used to compare the CV measures of two groups: one exposed to four hours of
strenuous paintball and the other exposed to 45 minutes of a less intense combat stressor. A convenience
sample of 60 college Army Reserve Officer Training Corps cadets were fitted with Tiba Medical Ambulo
2400 ambulatory BP monitors for 48 continuous hours. Several CV indices were analyzed using one-way
Analysis of Variance (ANOVA), paired t-test, and independent sample t-test. Four instruments
(Participant Information Sheet, State-Trait Anxiety Inventory, Paintball Perceived Stress Questionnaire,
and Army Physical Fitness Test) were used to assess which characteristics played the most significant
role in the CV response.
Results: Demographic characteristics between the two 30-cadet groups were not statistically different,
with the exception of deployment history (experimental = 4, control= 0). Hours after the stress exposure,
subjects in the experimental group had a higher mean awake systolic blood pressure (SBP) when
compared to the control group (113.76 mm Hg vs. 102.98 mm Hg, p= 009). Significant bivariate
correlations (p < .05) found that: Females consistently had higher pulse rates (PR) throughout each of the
phases. Age positively correlated with elevated BP during the stressor, and increased morning BP surge
post stressor. African Americans had higher sleep BPs pre stressor, and decreased SBP recovery post
stressor; Hispanics had higher PRs during and after the stressor. Waist circumference positively correlated
with elevated BP morning surge pre stressor but, body mass index (BMI) positively correlated with
elevated BP morning surge post stressor as well as elevated BP during the stressor. Family history of HTN
played no significant role; however, deployment history correlated with mean awake SBP post stressor.
Trait anxiety scores negatively correlated with SBP recovery while state anxiety scores positively
correlated with post stressor awake mean arterial pressure and evening SPB decline. Perceived stress
during the stressor negatively correlated with post stressor SBP morning surge with females reporting
higher anxiety and stress. Finally, Army Physical Fitness (APFT) total scores as well as APFT run scores
negatively correlated with pre and post stressor sleep PRs.
Discussion/Implications: Age, female gender, African American descent, Hispanic ethnicity, waist
circumference, BMI, previous deployment history, level of fitness, and the psychological stress state
during and after a stressor played significant roles in soldiers’ CV response. SBP was the most dynamic
and informative of the CV indices. If paintball was enough of a stressor to produce residual CV effects
that lasted well into following morning, the residual effect of a lengthy strenuous deployment may be
alarming. This study not only provided a snapshot of the CV health of incoming young soldiers, but also
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assessments before and after deployment.
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